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INTRODUCTION  TO  CHEMISTRY  Cl 


CHEMISTRY: 

“The  branch  of  natural  (physical)  science  which  deals  with  the  study  of  the 
composition,  properties,  structure,  changes  and  the  laws  governing  the  changes  that  * 
occur  inside  matter  is  called  Chemistry  ”,  ' 


•*  f  _ 


Anything  having  mass  and  occupying  space  (volume)  is  known  as  Matter. 

There  are  three  commonly  known  states  of  matter.  According  to  latest 
information,  there  are  four  states  of  matter. 


Solid 

Liquid  .  -.■*  *  .  - 

3.  Gas  .  •  •  -  . 

4.  Plasma  (newly  discovered  fourth  state  of  matter  but  not  known  commonly) 

Mass: 

The  quantity  of  matter  present  in  a  body  is  called  mass.  Its  S.I.  unit  is  kilogram. 
.  1kg  =  lOOOgorlOfg 

. *  lg  =  lOOOmg  or  103mg 

...  Ik2-  •=  1  OOOOOOma  =^1  D^mcr  • 


Ike-  '•= 


1  OOOCiOOmg  O^rng 


Weight: 

The  force  by  which  the  earth  attracts  a  sub stancejo wards  its  centre  is  called  the 
weight  of  the  body.  •  ’ 

Unit:  Its  S.I.  unit  is  Newton. 

Volume: 

The  space  occupied  by  any  substance  is  known  as  volume. 

The  S.I.  unit  of  volume  is  Cubic  metre  (m*')  or  metre  cube.  Usually,  cubic 
decimetre  (dm')  or  cubic  centimene  (cm3)  are  used. 

ldm3  =  1 'litre  =  1000ml  =  1000cm3 

HISTORY  OF  CHEMISTRY 

THE  GREEK  PERIOD:  - 

Famous  Greek  philosophers 
Aristotle  (322 -384"B.C.j 

•.  Plato  (347-428  B.C.}.,.-  “  .  -  N 

Democritus  (357- 460  SLC.)  . . 

>  'They  introduced  the  concept  of  elements,  atoms  and  chemical  reactions. 

>  They  thought  that  matter  was  derived  from  four  elements:  lire.  air.  water  and 
earth. 

>  These  elements  have  properties  of  their  own  such  as  dry,  hot,  cold  and  wet. 

>  According  to  them:  fire  was  hot  and  dry,  air  was  hot,  wet  and  dry-,  water  was 
cold  and  wet  while  earth  was  cold  and  dry. 

THE  ROMAN  PERIOD:- 

>  They  improved  metallurgical  processes  and  introduced  enamelling  of  pottery. 

However,  they  developed  little  theoretical  knowledge  in  this  regard.  Their  works 
were  ail  empirical,  v*7*'’  *  • 
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w  TH  E  MU  SLIM  ,P  ERJ  OJ>:  *  (600  -  1 6.00  A  !>•  )  v  .  - 

|  q^A^The  Mu^]im.period  was.frdn»600  to  1600  A^D.  inthe  ifistory  of  Ghemislk'  and  is .  • 
u*  Known  as  the  period  of  alchemy:  .. 

.<  Jabir  fifegjie  - Halyari j[72^‘  803  A.D^: 

g  “  generally-known  as  the  father  of  alchemy.-,  ;V 

■  ■■■■*'  ■■•*'  ”  ‘  "  -  * 

r~ .  ,  .  »<-.iievcineiiLs:  .  , 

■  C3  **"“  V.Y-  '  -  -  .  ■  ■ 

-  Z  0  He  discovered  white  lead  pigment. 


.  UJ  li 

4l1 


^|‘a 


v^-v  o 


,  IV 


-*v  A*v-oj»uucyciupca many  lapo^tory .apparatus.  >*. .  -  “  '  ' 

Jn)He  also  developed  the  methods  Tor  dyeihg  cloth.  \,..y  '  ' 

‘iv)He;dso  developed  the  mesh oS 'for  the  extraction  of  metals  from  their  ores. 

:&  He  -invented  experimental  methods  for  the  preparation  of  Nitric  acid  (HNO-)  and 
Hydrochloric  acid'(HCl). ~ "  "  ••  -  -A  ••/ 

A1  teizi  (B62  -  930  A.D.):-  .  / 

Xl  Ra?1  was  a  physician,  cheniisi  (formerly  known  as  alchemist)  and  a 
_  v ...  ^philosopher.  -  •  ..  -r  -  ... 

„  Achievements:  -V-  ~  •  '  ' 

,  •.*’  •  ...  ' 

^  .v'  T  Pr£pared  Ethyl-alcohol  by  me  fermentation  of  sugar. 

■^h)  He  was  an  expert  surgeon  and  was  the  first  to  use  opium  as  anaesthetic. 

_.4D.He divided  the  substances  into  having  living  and  non  -  living  origins,  which  was 
X  ;  ?ler  a.4pPt?d  'by  Berzellius.-  in  1806  to  ciassify.-chemical  compounds  on  the  basis  of 
? as  ?T&mic  ^d  morganic  -compounds.  .  A'1  ’  *  . -  . 

•C  '  •  *  V  *  ...***'  , 

A!  >  Benini:(973  -  104.8  AD.):  -  ^ 

-.fl,  ??51?1!led-'in  Physics.  Metaphysics.  Mathematics,  Geography  and  -History,  in 

tne  held  o.£Qheimstry,  he  determined  the  densities  of  different  substances.  .  * 

.  ..  ...  A 

rtne  -SiW  (980  —  i  037  A.D.): 

■S  •  ‘  ,,-vv  • 

Ibne-Sina  was  famous  -for  the  contribution. in  the  field  of:-  v 
«>"*'•  '  •  Meaicme""’'  . 

. V- Medicinal  Chemistry  '  '  ; 

•.  Philosophy  . 

• '  •  Mathematics  .  .• 

,/^>Astronomv.  •  .  -  *;-i  -■  .• 
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THE  MODERN  PERIOD  (1 600  A  D.  to  ONWARD) 


NAME  OF  SCIENTISTS  -  : 

CONTRIBUTION  IN  CHEMISTRY  ,  j 

ROBERT  BOYLE 

(1627-3691) 

.Hms  known  as  die. father  ofmod  era- Chemistry.  He 
was  the  first  scientist 'to  put  -forward  ‘the  idea  -ihaL 
Chemistry-  should^  ..be  i  regarded  as  .systematic 

-investigation  oC'natnfe  with  the  cAt-j-^rn' 

J-  BLACK , 

(1728- 17-9 9 rj  Tie  discovered  Carbon  dioxide^ -(CCN).  *  *  •  "  * ..  '.  •  V 

J.  PRIESTLY. 

(1733-  1804) 

, He  "discovered.  -Oxygen  (On),  Sulphur 'divide  (S02)  [ 
•  and  Hydrogen  chloride  (HCD^sT(^.  -  i 

SCKEELE 

(1742-  1786)  .l 

He  discovered  Chlorine  gas  fCL).  A  '  .  j 

CAVENDISH ' 

(1731-1810) 

He  discovered  Hvdrogerfgas  (H2).  j 

LAVOISIER 

(1743-  1794) 

"  ""  1  1  -  1  — - - - — - - - - - - U 

He  discovered  that  Oxygen  isone  fifth  part  of  air.  '  j 

JOHN  DALTON 

. 

. 

(1766-  1844) 

V  ' 

He  gave  the  .atomic  theory  of  matter.  He  introduced 
the  idea  of  atoms  and  molecules.  He  -also-  cave  the 
concept  of  atomic  weight:  ■  -  ■ 

GAY  -  LUSSAC 

• 

(1778-1850). 

He  discovered  a  -relationship  between  the  mass  and 
volume  of.  a -gas.  •'  ,  v-  *‘C 

AVOGADRO 

. 

• 

-  . 

(1776-  1856): 

•He  determined.tfte  number  of  panicles  Fn  one  mole  of 
subsumces~and  gave  the  relation  between  the  number 
oftmolecufes  and  their- volume.  t  CJ  ■  • 

DUL.4NG 

(1785-  1838) 

He  determined  the  relative  'atomic  and  molecular 
masses  of  many  substances.  ....  '  i 

PETIT  - 

(1741  -  1820) 

He  determined  the  relative  atomic  and  molecular 
masses  of  many  substances.  . ...  ' 

J.  BERZELIUS 

(1779-1848). 

He  introduced  the  symbols  of  elements  based  on . 
single  or  double-letters.  -  ‘ 

MENDELEEV 

(1824-  1907)-, 

He  described  the  ^ periodic  arrangement  of  tbe- 
elementsi  "  .-c-c.v- 

-ARRHENIUS.  • 

(1859-  1927) 

He  proposed  the  theoiv  of  ionization.  .  J 

M.  FARADAY 

(1791  -  1867) 

He  stated  the  laws -of  electrolysis. 

JJ.  THOMSON 

(1856-  1940) 

; 

He  discovered  the  electrons.  - ' 

H.  3ECQUEREL 

(1852-1908)" 

He  discovered  the  phenomenon  -of  Radioactivity. 

madam  curie 

(1867-  1934) 

She  made  the  discovery  of  Radium.  ’  • 

E.  RUTHERFORD 

(1891  -  1937) 

He  discovered  the  nucleus  of  an  atom.  . 

NEILS  BOHR 

• 

(3  885-  1962) 

He  removed,  the  weaknesses  in' Rutherford's  atomic 
model  and  suggested  an  improved  atomic  model. 

•- 

'  ''.A  '  ... 

-JPJ8LA  C  TIG  A  L  CE  N  TR  E 
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ORGANIC  CHEMisTRY:  "  - 

*Tbc  branch  of  Chemistry  which  deals  with  the  studv  of  Hydrocarbons  and  their 
derivatives  is  known  as  ORGANIC  CHEMISTRY. 

OR 

The  branch  of  Chemistry  which  deals  with  the  study  of  Carbon  and  iti  * 
compounds  (except  C02,  CO,  carbonates,  bicarbonates,  cyanides.)  is  known  as : 
ORGANIC  CHEMISTRY. 

e-g.  Properties  and  preparation  of  Methane,  Ethane,  Ethene,  Etbvne,  Benzene,  etc.  ; 

INORGANIC  CHEMISTRY: 

The  branch  of  Chemistry  which  deals  with  the  study  of  Chemistry  of  elements 
ana  then  compounds,  generally  obtained  from  non  -  living  organisms,  i.e  from 
minerals  is  known  as  INORGANIC  CHEMISTRY. 

OR 

The  branch  of  Chemistry  which  deals  with  the  study  of  minerals  and  the 
elements  (except  Hydrocarbons  and  their  derivatives)  is  .-known  as  INORGANIC 
C HEM  IS  TR  F. 

e.g.  Properaes^and  preparation  of  different  elements  from  their  minerals. 

PHYSICAL  CHEMISTRY:  '  • 

Ibe  branch  of  Chemistry  wfrich  deals  with  the  laws  andthe  principles  sovemme 
the  combination  of  atoms  and  molecules  .in  chemical  reactions  'and  study  ~of 
physical  properties  of  matter  is  called  PHYSICAL  CHEMISTR  Y. 

e.g.  HQ  gas  contains  covalent  bond  while  NaCl  contains  ionic  bond,  etc. 
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ANALYTICAL  CHEMISTRY-  :  ;  -  •  V -  lx;Chemis^ Chaptensi,  Page#?  o. 

'Sfi^sSftasa.'S"*  -.'is  a  •  i 

■components.  (elements)  a  aivaj  sub^  qml-1£f?d  of. -various  '  3 

CHEMISTRY.  '  \r- y>°  SUbstancc  *s  known  as  ANALYTICAL  S 

'  “  ratio  of  2:J  bvmarts  nr  1  -ft  v- '[:onta,ns  Hydrogen  and  Oxygen,-  § 


BIOGHEMISTRY:  -ri 

trw  _ .  ^  v  ’ ' 


«*  digestion  of  food  inltvkg'things,  acnrir^f  medicines^.  L 

NUCLEAR  CHEMISTRY:  '  -:v:^  ^  . ,t  V*"% 

-  2**t££ZS&X Wi,h  o’ri&ngis  ioccuirmg  in  the 

•as  NUCLEAR  CHEMISTRY.  '  eraissIDn  01  mvisibj&  radiations  is  known 

**  beta  0)  and 

ENVIRONMENTAL  CHEMISTRY:  v  v^:  .  .  ' 

chemical  materials  ^  effect  o^thT^'  ?*-Stl,d*  the  .infraction  of 
is  known  as  ENVIRONMENTAL  CHEmSTKY0^-^  and  pI“tS 

^  global  wanning  can  be  reduced  by  planting  more  trees,  etc.-' 

Th DkSTI!:,AL  °R  APPLIED  CHEMISTRY:  '  * 

I  he  brancb  of  Chemistry  which  deals  with  the  ^uxThi'lr  a--  •  C 

processes  involved  in  the  chemical  inrlnerri**  °/  dlffere™  chemical 

products  is  known  .as  manufacturing  of  synthetic;,. 

e.g.  glass,  cement,  paper,  soda  ash  (Na2CO=),  fertilizers,  etc..<  ’  ‘ '  *-j. 

POLYMERIC  CHEMISTRY:  O'':"'  :  t’ : 

PoKra^adoo  aidC 

POLYMERIC  CHEMSmY  ?  ^,T>olymeri9tiot£:^"known  ^  : 

?  P0^'hc-  0*“*  bags).  Polyvinyl  chiondc  $vq.  synthetic  fibres'  etc.  •  i-  =■ 


Vu  Ar^-f,0^*i,  Nsgr  Usman' 
•  ’  e s-» Ksrachi  , 

0315*8200802  /  0321*2822769  •' 
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THE  SCIENTIFIC  APPROACH  IN  CHEMISTRY 


ff~  Science  has  developed  Through  series  of  discoveries  since  a  long_tjrrje  which 
Started  off  as  observed  natural  pbencmenan  which  h2d  to  be  explained.  This  was  done 


by  using  scientific  method  in  a  systematic  manner. 


i  i  ucfF' are  Tour  main  stages  of  scientific  method: 

J?"  L  Observation  2.  Hypothesis  ;  ™ 

.  3.  Theory  •  4.  Scientific  law  or  principle  g 

ti  OBSERVATION:  I 

Observation  is  a  basic  tool  to  elaborate  a  phenomenon.  It  varies  from  person  to  g 
person  and  depends  on  the  person ’s  own  skills  and  elaboration.  S 

^EXPLANATION:  ® 

[„ ..  Different  people  observe  a  phenomenon  in  different  ways.  Some  of  us  observe  2 

'  something  very  critically  to  extract  from  it  a  new  point.  Observation  of  a  thing  is  one  of  n  ) 

the  scientific  approaches  in  Chemistry.  5 

;  n 

1  2.  HYPOTHESIS:  (Trial  idea):  | 

The  explanation,  obtained  by  the  pondering  of  a  scientist  after  observing  a  3 
’  phenomenon  which  is  still  on  a  trial  is' called  Hypothesis.  ™  j 

.  EXPLANATION: 

5  When  a  phenomenon  is  observed,  a  scientist  ponders  over  it  and  carries  out  £ 

;  relevant  experiments.  He  sieves  through-  the  data  and  arrives  at  a  possible  explanation  5 
*  for  the  nature  of  the  phenomenon.  •  ‘  •  g 

2  "  a 

3  KJ 

jj  3.  THEORY  (Scientifically  Acceptable  Idea  or  Principle  to  Explain  a  Phenomenon):  s 

The  Hypothesis,  which  is  supported  by  a  large  number  of  different  types  of 
u  observations  and  experiments  given  by  many  scientists,  is  known  as  a  Theory.  ^ 

\  EXPLANATION:  I 

“  The  scientist  conveys  his  hypothesis  to  other  workers  of  the  same  fields-  ferr  .•  =; 

5*  discussion  and  for  further  experimentation.  When  the  hypothesis  is  supported  by  a  laige  ...  ? 

amount  of  ■different  types  of  observation  and  experiments,  then  it  becomes  a  theory  i.e.  ^  £ 
g  scientifically  acceptable  idea  or  principle  to  explain  a  phenomenon.  A  good  theory  eg 

^  predicts  new'  facts  and  unravels  new  relationship  between  naturallv  occurring  phenomena.  w 

3  "  E 

e.  4.  SCIENTIFIC  LAW  OR  PRINCIPLE:  £ 

2  A  theory,  which  is  tested  again  and  again  and  found  to  fit  the  face  and  from  g 

®  which  valid  predictions  may  be  made,  is  known  as  scientific  lawor  principle.  z 

I  EXPLANATION;  1 

03  m 

23  Science  cherishes  all  forms  of  ideas  and  proposals.  Even  obsolete  (outdated)  ideas  are  ° 

m  kept  as  reference.  It  is  said  that  there  is  no  end  to  knowledge,  so  development  in  science  too 
H  mav  have  no  limits.  *'  .  ’ 
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GENERAL  CHEMISTRY 


Atomic  ao. 

—~r~ 

2 

3  ~~ 

4 


Name 
JijTirogen  • 
Helium 
Lithium 

O  , - .....  ^ 

Boron 

Carbon 

Nitrogen 

Oxygen 

Fluorine 


Symbol 
■  --  - 

H 

He 

Li 


Valency 

f  ™ 

"6  T. 

-i 


_  1(*  Neon 

11 

n 

13 

14 

15 

j  .  Sodium 

1  Magnesium" 

j  Aluminum 
Silicon 

1  Phosphorous 

16 

Sulphur 

17 

1  Chlorine 

18 

1  Argon 

19 

T  Potassium 

.  20 

Calcium 

Atomic  jn  ass 

1  amn 
4  amu 
7  a  mu 
')  amu 
llamu 
12amu 
14amu 
16amu 
I9amu 
20am  u  ’ 

23am u  - 
24amu  * 
27amu 
28amu 
31amu 
32amu 
35.5amu 
40amu 
39amu 
40amu 


SYMBOLS  OF  FEW  METALS 


Atomic  no. 

~TT 

19 

26 

29 

47 

50 

53  ' 

~74  j 

HEJ 

80  ] 

82  T 


English  Name 
Sodium 
Potassium 
Iron 
Copper 
Silver 

Antimony 

Tungsten 

Gold 

Mercury- 

Lead 


Latm/Greek  Name 
Natrium 
Kaiium 
Ferrum 
Cuprum 
Argentum 
Stannum 
Stibium 
Wolfram 
Aurum 

Hydra  gyrurn  j 

Plumbum  I 


Symbol 

Na 

K 

~Fe 

Cu 

AS 

Sn 

~~Sb 

w 

Au 

Hg 
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EXERCISE 


L  Fill  in  the  blanks:  •  * 

■;  "  **■  .  -  ;  .  .  v.  *  .. 

(i)  The  'early  Greeks  believed  that  everything  in  the  iiniverse  was  made  up  of  four 
elements  fire,  air,  water  and  earth.  . 


n  j  (u)  At-Razi  niviaed  cnemicat  5 uo seances  on  me  oasis  ui  men  uugui 

1-  non  living.-,.  -  v-  v 


,1  1  iilji 


fjffl  i  Organic  Chemistry  is  the  branch -of  Chemistry -wircH  "deals  with  the  study  of 
‘carbonrcbmpounds.  -->>• 

fiv)  T^inrVi^micm,'  ic  the  backbone roT  Medical  Science.  , 

-  ■  ...  •  y-  %;’v.  .  -  _  ’ 

(v)  PVCis  the  short  name  fora  plastic,  Polwinvl  chloride. 

(vi)  - -Oxygen  was  discovered  by  JTPnestly.  v.  . 

*"  -  ’  r;--  •  -  .  •  - 

The  best  disinfectant  is  Chlorine.'  ..<rr'" 

-(ViTi)  The  penodicanangememjwas  the -result  of  Mendeleev  Vs  work.  ..  - 


..  *i  S 
.  •"  •  * 


Write-theanswers  of  theffollowingtiuestiofls:'  ..  ~  . 

^  ,  *  T”*,**,‘  •*  . w  ...  B  •  •  r  «” 

(i)  '  Write  a  noie;on-the  historical  development  of  Chemistry  with  special  mention  to 
the  contribution  of  Muslim  scientists  jin  the  field  of Chemistry, 
r  Ans:  Answer  on  Page  #4 •  -v'  ■*' _  '.-V''  - 

_  (ii>  Define  Chemistry  and  describehts  importance..  • 

-  Xns:  -Answer  on  Pa°e  #3  and  6s  .  " .  • 

r* 1  (ill)  What-important  role  does-Ghemistry  play  in  the  society? 

[  .cA'ns:  Answer  nn  Page  #  6.  .  "•  * 

3  (iy^'-Name  the  differently  ranches  of  Chemistry  and  deimetfiera. 

Ans:  Answer  on  Page  #  6  and  7.  '  ,v_  V' 

v(V)  'What  do  -you  mean  by  .-scientific  approach  in  Chemistry?  How  will  you 
differentiate  berween  hypothesis  and  theory'.' 

.  Ans:  Answer- on  Page  #  8. 

(vi)  What  is  scientific  law?  PREMIER  PRINTING  &  PHGTQSTAt 

Ans:  Answer  on  Page #  8:  •  *} »-««V 
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2.  LAW  OF  CONSTANT  COMPOSITION: 

LAW  OF  DEFINITE  PROPORTIONS  (FIXED  PROPORTIONS): 
INTRODUCTION: 

tv,xs  T.aw  eriv<rn  bv  a  French  chemist  Louis  Proust  in  1799. 

j  i  Al£rl£/i  i: 

“ Different  samples  of  the  same  compound  always  contain  the  same 
elements  combined  together  in  the  same  proportion  by  mass” 

Example: 

'  Water  may  be  obtained  from  many  sources  (prepared  in  the  laboratory,  or 
obtained  from  rain,  river  or  canal  ere.),  but  pure  water  always  contains  Hydrogen  and 
Oxvgen  in  the  ratio  1:8  by  mass. 

h2o 

2:16  l  Atomic  mass  of  H  =  1  and  O  =  16] 

1:8  [parts  by  mass] 

EXPERIMENTAL  VERIFICATION:  (Qc^d&vts1  txpz&Zn&Jt)'  ^ 

The.  Swedish  chemist,  J.  Berzelius  performed  an  experiment  to  prove  this  law.  3 

lOg  of  Lead  (Pb)  was  heated  with  l~56g  of  Sulphur  (S)  to  give  1 1.56g  of  Lead  sulphide  3 
(PbS).  > 

Pb  +S - ►  PbS  o 

(10g)  (l-56g)  (1136g)  -  S 

This  experiment  was  repeated  by  heating  18g  of  (Pb)  and  1.56g  of  (S),  then  3 
11  ^6g  of  PbS  was  obtained  and  8g  of  Pb  remained  unused. 

Pb  +  S - ►PbS  +  Pb 

(18g)  (1.56g)  (11.56g)  (8.0g) 

Conclusion:  It  means  that  “Pb”  and  “S”  always  combine  in  die  fixed  ratio  by  mass. 

3.  LAW  OF  MULTIPLE  PROPORTIONS: 

INTRODUCTION: 

This  Law  was  given  by  an  English  scientist  John  Dalton  in  1803. 

STATEMENT: 

\  1  “If  two  elements  combine  to  form  more  than  one  compound?  the  mass 
C  „  of  one  element  is  fixed  while  the-mass  of  otherdement  is  in  the  ratio 
of  small-whole  numbers  or  some  multiple  of  it”.  • 

Example  (I)  ‘ 

Carbon  (Q  and  Oxygen  (O)  combine  to  form  two  compounds  CO  and  C02- 

—  I  Mass  nf  Orvoen  fO)  )  Ratio  of  (Q)  | 


COMPOUND 


Carbon  monoxide  CO 


Carbon  dioxide  CO? 


Mass  of  Carbon  ( 


It  means  that  12g  of  (C)  combines  with  I6g  of  (O)  in  CO  and  32g  of  (O)  in  C02- 
Hence  the  ratio  of  (O)  is  16:32  or  1:2  whicb-is  simple  multiple  ratio. 

Example  (0)  __ 

Hydrogen  (H)  and  Oxygen  (O)  combine  to  form  two  compounds  Water  (H:0) 

and  Hydrogen  peroxide  (H2O2). 


COMPOUND 


Mass  of  Hyd 


Ratio  of  (O) 


Hvdro 


It  means  that  2g  of  (H)  combines  with  16g  of  (O)  in  H20  and  32g  of  (O)  in  H202. 
Hence  the  ratio  of  (O)  is  16*32  or  1:2  wMchjs  a  simple  multiple  ratio.  _ 
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OF  RECIPROCAL  PROPORTION: 

INTRODUCTION: 

STATEMENT  S*VCn  by  Ricfater 'm  1792~94- 

lnkirdMLt^meni  elementS  Separately  combi™  the  fixed  mass 

another  shJutTT  fT™™  “  "***  »««»  »*»  one 

m  ^  m  the’Si^^7atio  or  some  multivle  of  it”. 

C\  »H*  and  ‘O'  combine  separately  to  form  CKU,  H.O  and  C02. 


0 


o 

CO 

CO 

tir 

co 


S 


z 

o 

to 

to 

UJ 

to 

3 

UJ 

K 

K 

Z 

UJ 

U 

—i 

< 

o 

h- 

O 

< 

EC 

O. 

3 


Methane 

CR, 

Mass  of  C 

12 

Mass  of  H 

4 

Ratio  of  H  :  C 

o 

z 

K» 

o 

water 

H-.0 

Mass  of  H 

2 

Mass  of  O 

16 

Ratio  of  H  :  0 

CT> 

N) 

O 

L-arbon  dioxide 
i  CO-, 

Mass  of  C 

12 

Mass  of  O 

32 

Ratio  of  C  :  0 
12:32  or  3:8 

3 

~a 

a 

V“h-  t-  '-£U-  *s  -H’  combines  with  3g  >C*  In  H,0 
Ld  rrT- ‘°’  while  ™  “*  «*>  of  -C 

prooortiol  aCC°rd”g  “  *e  IaW  of  ReciP™«l 


ATOMIC  NUMBER:  ^  C 

“JJ'mnm"'?"  Pro,ons  p™*™  in  the  nucleus  of 

It  is  denoted  by  “Z”  . 

The  number  of  proton  can  be  used,  for  the  identification  of  an  element 
**  *e  atonuc  number  ofH  =  I ,  C  =  6,  N  =  7,  0  =  8, 

MASS  NUMBER:  - 

zzr— 

It  is  denoted  by  “A”.  Its  unit  is  a.m.u  ' 

e-g.  mass  number  of  H  =  1,  O  =  16,  Mg  =  24,  S  =  32.  Ca  «  40  etc 

ATOMIC  MASS: 

**  at0miC  ^  "  1.  O  -  16,  Mg  =  24,  S  =  32,  Ca  i  40,  etc. 

Two  isotopes  of  Chlorine  have  been  found:  ,7X35  %  =  75  v^7  0/  _  . 

average  atomic  mass  of  chlorine.  '  X  /e  “  ^5-  Calculate  the 

75  —  Average  mass 
35 


•no 


-jrlOO 
25  x  37 


100 


■] 


1615  +  9.25 

35.5  amu 
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^  ,  SYMBOL:  .  „  . .  .  . 

The  representation  of  the  full  name  of  an  element  is  called  its  symbol. 

m  e.g.  H  =  Hydrogen,  C  =  Carbon.  Na  =  Sodium,  etc. 

CHEMICAL  EQUATION: 

*  symbols  and  formulae  is  called  chemical  equation. 

s.g.  Carbon  reacts  with  Oxygen  to  form  Carbon  dioxide 

c  +  o2  -*>  CO¬ 

FORMULA:  t .  *  . 

The  representation  of  the  full  name  of  a  compound  is  called  its  formula. 
e.g.  NaCl  =  Sodium  chloride,  CaCOj  —  Calcium  carbonate,  etc. 

TYPES  OF  FORMULA:  _ 

1.  EMPIRICAL  FORMULA  (E.F.)  OR  SIMPLEST  FORMULA:  $  - 

YThe  formula  which  represents,  the  simplest  ratio  of  the  atoms  of  different 
w  Oemertts  as  well  as  relative  number  of  atoms  in  a  molecule  of  a  compound  is 

5  called  empirical  formula” 

|  2.  MOLECULAR  FORMULA: 

o  “The  formula  which  represents  the  actual  or  exact  number  of  atoms  of  different 

§  elements  in  a  molecule  of  a  compound  is  called  molecular  formula”. _ 


_ Compound _ 

Benzene _ 


Ethvne  _ _ 


Glucose _ 

Acetic  acid  (CH3COOH) 


Empirical  Formula 


CH,0 


Molecular  Formula 

CA _ _ 


Irvucuv.  — - - - _ — - -  .T  r-\ 

Water _ _ _ L_ _ — - - -  - 

The  empirical  and  molecular  formulae  of  inorganic  compounds  are  same. 

Relationship  between  Molecular  and  Empirical  Formula. 

Molecular  Formula  =  n  x  Empirical  Formula 

Molecular  Formula  mass 
Therefore  n  Empirical  F  ormula  mass 

•  MOLECULAR  FORMULA  MASS  OR  MOLECULAR  MASS: 

“The  sum  of  atomic  masses  of  elements  which  are  present  in  a  ™olec“  e 
of  a  compound  is  called  Molecular  Formula  Mass  (Molecular  Mass)  . 


Compound 
Carbon  dioxide 

Water. _ 

-  Glucose _ 


Molecular  Formula 

Cgj _ 

H;Q _ 

CJInOt 


_ Molecular  Mass  _ _ 

12H-2  (16)  =  12  +  32  =  44 _ _ 

2  (THT6  =  2+  16  =  18  _ 

6  (12)  +  12  (1)  +  6  (16)  =  72  +12  +  96  =  180_ 


FORMULA  MASS: 

“The  sum  of  atomic  masses  of  elements  which  are  present  in  a 
formula  unit  of  a  compound  is  called  Formula  Mass.  n 

NOTE:  Molecular  formula  mass  (molecular  mass)  is  used  for  covalent  compounds 
while  formula  mass  is  used  for  ionic  compounds. 
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IX-Chemistry  Chapter#  Z.  Page#  7 

R  MASS: 

‘Me  mass  of  one  male  of  any  substance  (element/compound)  which  is 
^pressed  in  gram  is  called  the  Molar  Mass  of  a  substance.  ^ 

Atomic  mass  of  C  =  12.0  a.m.u,  =12  0®  ) 

Molecular  mass  of  NH3  -  17.0  a.m.u.  =  17.0*.  .  - 

MOLE*0^1^  raa5S  of NaC1  =  =8.5  a.m.u.  =  58.5g. 

ZT]te  ^miC10r  molecular  of  an  element,  molecular  mass  or  formula 

u  is  also  aeaned  as  one  mole  of  a  substance  contains  6.02  x*  1  Or  parades 
*t  is  denotea  dv  n .  Its  unit  is  mol. 

“  us^d  t0  measure  *e  amount  of  a  substance  (element  on 
compound)  in  grams. 

Examples: 

Atomic  mass  of  C  =  12.0  a.m.u.  =  12.0g  =  1  mole 
Molecular  mass  of  NH3  =  17.0  a.m.u.  -  17.0g  =  1  mole 
Formula  mass  of  NaCI  =  58.5  a.m.u.  =  5$<g  =  1  mole 

I^AVOGADRO'S  NUMBER  (Na):'^^^ 

7  (  0ne  ™le  °fan>'  ^stance  contains  6.02  x  1023 particles.  This  constant 
number  is  called  A  vogadro ’s  numbefT\  - 

It  is  denoted  by  N  ** 

1  mole  of  any  substance  =6.02x10*  particles  (atoms,  molecules  or  ions) 

Atomic  Form:  lb  is  used  ho 

1  mole  of  C  =  12g  =  6.02  x  1023 atoms (  J  .  -^7 

Molecular  Form:  :o  Ccx  -c  •_  .-r  ‘r  ~  ? ■■■Z.a < 

1  mole  of  H20  =  18g  =  6.02  x  1 023  inoleculesCr  V  r,.  - 

Ionic  Form:  ^  c 

1  mole  of  Na*=  23  g  =  6.02  x  1023  ions  "  } 

1  mole  of  Cf  =  35.5g  =  6.02  x  1023  ions 


-  6=  i 


IEMICAL  REACTION  OR  CHEMICAL  CHANGE:  7  " 

'  L  conversion  of  reactors  to  products  through  chemical  tEKZnge  is 


s-t* - 


'  called  chemical  reaction^". 

OR  J  ' 

A  chemical  reaction  is  that' :hange  in  which  the  chemical  composition 
of  a  substance  is  altered. 

I*  4?e  -h  302  - *  2Fe203 

2.  2CO  +  02  - -**  2C02 

REACTANTS: 

Those  substances  in  which  chemical  change  occurs  and  their  chemical 
composition  is  changed  are  called  Reactants. 

PRODUCTS: 

The  new  substances  which  are  formed  from  the  reactants  after  the  chemical 
change  are  called  Products. 

e.g.  milk  changes  into  curd.  In  this  reaction,  milk  is  the  reactant  while  curd  is  the  product. 
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TYPES  OF  CHEMICAL  REACTION: 

Chemical  reactions  can  be  divided  into  five  different  types: 

i)  Decomposition  reactions 

ii)  Addition  reactions  (combination  reactions) 


iiy  juiyw 


iv)  Double  displacement  reactions 

v)  Combustion  reactions 

1 .  DECOMPOSITION  REACTION: 

•;  When  a  single  compound  is  healed  in  the  absence  of  air,  it  splits  into  its 
simpler  components.  This  reaction  is  called  decomposition. 

Note:  decomposition  reactions  are  examples  of  endothermic  reactions. 

Example#  1  CaC03(s)  - — - *  Ca°<*>  + 

Calcium  carbonate  Calcium  oxide  Carbon  droxide 

In  this  reaction.  Calcium  carbonate,  on  heating,  gives  Calcium  oxide  and  Carbon 
dioxide  gas. 

Example#  2  2KC10,(I1  - — - -  2KCV«)  +  302(f) 

Potassium  chlorate  Potassium  colonde  Oxygen  gas 

In  this  reaction.  Potassium  chlorate  on  heating  gives  Potassium  chloride  and 
Oxygen  gas. 

•2.  ADDITION  REACTION  (COMBINATION  REACTION): 

When  two  or  more  substances  combine,  a  single  compound  is  formed. 

This  reaction  is  called  addition  reaction. 

Note:  addition  reactions  are  examples  of  exothermic  reactions. 


Example#  t 


CaO(S)  -+ 

Calcium  oxide 


Carbon  dioxide 


CaCOj(s) 

Calcium  carbonate 


In  this  reaction.  Calcium  oxide  and  Carbon  dioxide  arc  added  to  give  Calcium 
carbonate. 


Example#  2 


2Na{s)  +  Cl2(g) 

Sodium  Chlorine  gas 


2NaCl(s) 

Sodium  chloride 


In  this  reaction.  Sodium  and  Chlorine  gas  are  added  to  give  Sodium  chloride. 

SINGLE  DISPLACEMENT  OR  SINGLE  REPLACEMENT  REACTION: 

'  ^Displacement  reaction  is  that  reaction  in  which  one  atom  or  group  aL 
w  atoms  of  a  compound  is  replaced  by  another  atom  or  group  of  atoms  .  A 

Note:  single  displacement  reactions  are  examples  of  exothermic  reactions. 


^Example#  1  Zn<S)  +  2HC1  (aq)  *"  ZnCl2  (*)  + 

V  7inc  Hydrochloric  acid  Zinc  chloride  Hydrogen  gas 

In  this  reaction,  ‘H’  of ‘HQ’  is  displaced  by  ‘Zn’^ 

Example#  2  Cl^  +  2KBr(aq)  2JC Cl<*q)  +  Br^ 

Chlorine  gas  Potassium  bromide  Potassium  chloride  Bromine  gas 

In  this  reaction,  ‘Br’  of  ‘KBr’  is  displaced  by  ‘Q’. 


In  this 
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*4  ,  DOUBLE  DISPLACEMENT  REACTION: 

T«rtfU,  diSplf^mem  ration,  the  two  compounds  exchange  their 
or  radicals  and  then  new  compounds  are  formed. 

Note:  double  displacement  reactions  are  examples  of  exothermic 


tons 


reactions. 


Example#  1 

NaCL 


aqj 


AgN03flq) 


.NaNOs,-*,)  +  A  aCL„ 


example#  1 


CaClp^^  .  Na:C03{a(y  * 
Calcium  chfondc  Sodium  carbonate 


\  white  ppt) 


ZNaCifaqj 


, _ ,,  CaCO^j, 

Sodium  chloride  Calcium  carbonate 
White  ppt. 
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•5.-  COMBUSTION  REACTION: 

white ZmZeZTisUribZ7  ” ^  ''“W**  CO-’ 

In  other  words,  substance 
produce  heat  energy  and  flame. 


J?.  °.*eL"“ds:„S“bitanc's  react  with  Chtygra  (free  oxygen  or  oxygen  of  air)  to 


g  Example#  1 


CHu<gJ 

Methane 


Oxygen 


^02(g) 
Carbon  dioxide 


2HA*  + 

Water 


AH 

Heat 


the  tvItSta  "  ^  WIth  °XySm  “  f0Im  Calb°n  di°Xide  al0ng 

Example#  2  .  C(!)  +  ^ -  C02(B  +  ah 

Carbon  Oxygen  Carbon  dioxide  Heat 

evolution  rfhe^fl^11  “  tUmI  “  form  CaA°n  di“ide 

/ 

INTERCONVERSION  OF  MASS  AND  MOLE: 

Mass  of  substance  (gram) 


Number  of  moles  =  n  = 


.  Molar  mass 

PRORlSw^Tf  =  11  =  Numberofmoles  *  Molar  mass 

LEM#1  Calculate  the  number  of  moles  In  lOOg  of  Carbon  dioxide, 
uata:  Number  of  moles  of  C02  =  n  =  ? 

Given  mass  of  C02=  100g 
Molar  mass  of  CO->  =44  a 

Solution: 

Number  of  moles  of  C02  -  n  =  _  Mass  of  CO,  (g) 

Molar  mass  of  CO.  (g) 

100 


n  = 


Number  of  moles  of  C02=  2.27moI . 


44 


PROBLEM#  2: 

Calculate  the  number  of  moles  in  50g  of  sodium  (Na). 


Data: 


Number  of  moles  of  Na  =  ? 
Given  mass  of  Na  =  50g 
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Solution: 


IX-Chemlstry  Chapter#  2,  Page#  TO 


Molar  mass  of  Na  -  23g 


Number  of  moles  of  Na  — 


Mass  of  Na-(g) 
Molar  mass  of  Na  (g) 


Number  of  moles  of  Na  —  2.173  mol  -  - 

PROBLEM#  3 

What  is  the  mass  of  10  moles  of  Aluminium  (Al)? 

FORMULA:  Mass  of  substance  =  Number  of  moles  x  Molar  mass 
Data:  Mass  of  substance  =  ? 

Given  number  of  moles  of  .Al  =10  mol 
Molar  mass  of  Al  =  27  g 

Mass  of  Al  =  Mole  x  Molar  mass  of  Al 
= 10  x  27 
Mass  of  Al  =  270  g  . 

PROBLEM#  4 

What  is  the  mass,  of  20moles  of  C02? 

Data:  Mass  of  substance  =  ? 

Given  number  of  moles  of  CO;  =  20  mol 
Molar  mass  of  CO;  =  44  g 

Solution: 

Mass  of  CCb  =  Number  of  moles  of  C02  x  Molar  mass  of  CO2 
=  20x44 

Mass  of  C02  =  880  g  . 

PROBLEM#  5: 

Calculate  the  number  of  atoms  in  10  g  of  Aluminium  (Al). 

Method#! 


Solution: 

This  shows  that. 


Method#  2 
Solution: 


1  mole  of  Al  =  27  g  =  6.02  x  1023  atoms. 

27  g  of  Al  contains  =  6.02  x  1 023  atoms. 

6.02  xlO23 

1  g  of  Al  contains  =  - — — - 

— '  S 

10  g  of  Al  contains  =  10  =  2.23  x  10^  atoms 

Number  of  atoms  of  Al  =  2.23  x  1023  atoms. 

N .  x  Mass  of  substance  (g) 

Number  of  atoms  =  - " 

Molar  mass 

„  6*02  x  1023  x  10  g 

Number  of  atoms  of  Al  —  - — 

27  g 

Number  of  atoms  of  Al  =  2.23  x  10 23  atoms  . 
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■g  PROBLEM#  6:  Chemistry  Chapter#  a.  Page#  n 

|  Solution*01113^  thE  aUmberS  of  “olecules  in  50  g  of  C02. 

2  Number  of  molecules  =  x  ~^ass  substance  (g) 

<  .  Molar  mass 

Number  of  molecules  of  CO;  =  6-02x1q23  x5Qg 

3  J  44  g 

’  T  rn  H  p  r  r\f  "’oIoomI  ..f  rn 
*  .  .vo*j Le.i'itf  /: 

3  c  .  Calculate  tbe  mass  of  one  atom  of ‘S’  in  grams. 

-  ioluaon: 

3 

|  Mass  of  one  atom  =  Moiymass 

’  Na 

I 

,  Mass  of  one  ‘S’  atom  = _  j2g 

b.OIxlO^g 

PROBLEM#*  8:  .  g* 

SoIutlon*CUlate  thC  maSS  °f  °ne  molecuIe  of  c°2  »n  grams. 

Molar  mass  of  CO-.  =  44 

1  mole  of  C02  =  44g  =  6.02  x  1 0*  molecules 
This  mdicates  that 

6.02  x  1 023  molecules  of  C02  =  44  g 

1  molecule  of  C02  =  — — g 

6.02  x  1023 

Mass  of  one  molecule  of  CO,  =  7308  x  1 0'23  a 

&  * 

CHEMICAL  EQUATION: 

The  representation  of  a  whole  chemical  reaction  (reactants  and  products) 

0  a  r  tlZ°Ugh  Symb?lS  formulae  is  called  chemical  equation.  ?  J 
8‘  Carbon  reacts  with  Oxygen  to  form  Carbon  dioxide. 

(siZl  %{t)r  7*  .5°2/g>  U)  CaC1^>  +  Na2C03(aq)  -*  2NaC^}  +  CaC03(t) 
reactants  and  products  taa  “/Un°"  “  “Ued  StaK  s^bo15  °f 

POINTS  TO  REMEMBER: 

'■  sa s zs^tT-  "r  ■>  -*■  “ 

2.  Balancing  of  Equation  is  done  bv  coefficients 

2E  *“  CaCl3  “  “  — ■  to  prepare  an  A.ueous 

balanced  are  “  “  give  producB- 

Balanced  chemical  equation  gives  the  following  information- 
i)  The  narure  of  reactants  and  products. 

u)  The  relative  number  of  moles  of  each  reactants  and  products. 
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•  -  .  .......  -  [X -Chemistry  Chapter# 2,  Page#  12 

RULES  FOR  BALANCING  OF  CHEMICAL  EQUATION: 

i)  Write  the  given  formulae  of  all  the  reactants  on  the  left  hand  side  and  the 
formulae  of  the  products  on  the  right  hand  side  pf  an  equation, 
i!)  Mention  the  number  of  atoms  on  both  sides  of  the  equation. 

n[\  If  the  number  of  atoms  appears  more  on  one  side  than  the  other,  balance  me 

.ULUUuil  -  j  —  —  U  — - -  *  ;  „ 

efficient  so  as  to  make’the  number  of  atoms,  same  on  both  sides  oi  the  equanon. 

iv)  The  covalent  molecules  of  Hydrogen,  Oxygen.  Nitrogen  and  Chlorine  exist  as  di- 
atomic  molecules  eg.  H2,  Cb,  N?  and  Cl2,  rather  than  isolated  atoms,  hence  we 
must  write  them  as  such  in  chemical  equation. 

v)  Finally,  check  the  balanced  equation,  to  be  sure  that  the  number  and  kinds  oi 
atoms  are  the  same  on  both  "sides  of  the  equation. 

Balance  The  Following  Equations  By  Inspection  Method: 


kcio3(s) 

Ht^)  +  02(g) 

CH4<8)  02(g) 

NH3  {«) +  02  (g) 


x.  kcio3( 

2.  H^)  J 

3.  CH^g)  ■ 

4.  NH3  (g) 

kcio3(1,  - 


KCl<t) 


KClw  +  Oar,) 
H20(t} 

COifg)  + 

no  (gn  +  h2o  is) 
V 


Write  down  the  number  of  atoms  on  each  side. 

Reactants  - ►  Products 

K  (1)  K(l) 

Cl  (1)  Cl(l) 

0(3)  0(2) 

It  is  clear  that  ‘K’  and  ‘Cl’  elements  have  the  same  number  of  atoms  on  Doth 
sides  of  the  equation,  but  the  Oxygen  atoms  are  not  balanced.  So,  we  place  2  on  left 
hand  side  and  3  on  right  hand  side  (cross  multiply)  to  balance  the  Oxygen  atoms. 

2KC103  - *•  KC1  +  302 

Reactants  - ►  Products 

K(2)  K(l) 

Cl (2)  Cl  (1) 

0(6)  0(6)  . 

Now  we  simply  balance  ‘K’  by  placing  ‘2’  in  front  of  ‘KC1  . 

2KC103  - ►  2KC1  302 

Reactants  - ►  Products 

-K  (2)  \  K(2) 

Cl  (2)  Cl  (2) 

O  (6)  '  O  (6) 

This  equation  is  now  balanced. 

2KC103(s)  - ►  2KCl<s)  +  302(£) 

2.  Hjfc,  +  - ►  HjDd) 

Write  down  the  number  of  atoms  on  each  side. 

Reactants  - ►  Products 

H  (2)  H  (2) 

0(2)  0(1) 

On  both  sides  the  ‘H’  atoms  are  same  but  ‘O’  atoms  are  different.  So.  by  placing 

2  in  front  of  *H20\  the  ‘O’  atoms  will  become  same. 

i  Hate)  +  °2(e)  - - *  2H20(i> 

i  Reactants  - ►  Products 


PRACTICAL  CENTRE 

B-14,  BLOCK-1,  GULSHAN-ErlQBAL  KARACHI.  S  :  34976530-34812547-34984762 


24 


SESSION  2016-2017  0  PRACTICAL  CENTRE  0  SESSION  2016>2017  0  PRACTICAL  CENTRE  H 


a  PRACTICAL  CENTRE  0  SESSION 


UJ 

« 

t- 

* 

ui 

u 

-J 

< 

b 

< 

x 

a. 

0 


Now  on  both  Sides  the  ‘O’  X-Chemistry  Chapter#*  Page#i3 

Placing  2  in  front  of  ft  on  the  reactance  *Se  'Ur  ^  “*  different-  By 

2H^)  +  02(E)  —— — 1Th2o  H  at0mS  Wlli  become  same. 


-5. 


Reactants 
H  (4) 

0(2) 

Nns  equation  is  now  balanced. 
-H2(e)  -  02(£) - 

"j*  O-r.,  . 

^•veacLancs  - - 

CCl) 

H(4) 

0(2) 


Products 
H(4) 
0(2) 


0) 


2H2Ofd 


Products 

C(l) 

H  (2) 
0(3) 


pllcl°t  talta. t o’fH°a  *"  bUt  ‘H’  20,3  '°’  atoms  «  different.  So.  we 
CaK2)  +  0!(£) 


-  C02(e)  +  2H;Ot2J 
*■  Products 
Cfl) 

H  (4) 

Now  ‘C*  and  ‘W’  O  (4)  \ 

Place  2  in  w  of  b“  1°'  «*»■  «  different.  We 


Reactants 

C(l) 

H  (4)  * 

0(2) 


CH^,  +  20^ 
Reactants  — _ 

C(l) 

H  (4) 

XT  ‘  0(4) 

Now  the  equation  is  balanced 
CH^  +  20^ - . 


CO!(t)  +  2H;OfeJ 
Products 

C(l) 

H  (4) 

0(4) 


CO 


'2(£)  +  2H20 


0 


'(t) 


NH3  *f  o2 
Reactants 
N(l) 
H(3) 
0(2) 


NO  +  HzO 
Products 

N(l) 

H  (2)  •  * 

0(2) 


H”  — *  xr° 

tJO2)  H  (2) 

°  (2)  Q 

^  atom  are  balanced  but  *w* 

place  ‘6’  in  front  of  ‘H20’.  31-6  n0t  balanced.  Po  balance  ‘H\  we 

4NH3  -f-  02  - ►  4N0  +  6H  Q 

Reacunts  - Products  - 

H  i  *(4) 

0(2)~  ^j?) 

tO\  place  ‘S’  in  fiSmtf  W.d  °°  ^  SideS  buI  ‘°’  m  not  balanced.  To  balance 


25 


PRACTICAL  CENTRE  0  SESSION  21116-201?  B  jWC 


IX-Chemistiy  Chapter#  2,- Page#  1# 


UNH3  +  50? - -  4NO  +  6H.O 

Reactants  - Products 

N  (4)  N 

K  02)  H(12) 

ono) 

Now  the  equation  is  oaianccu. 

4NH3  +  50> - — -  4NO  +  6H20 


CONCEPT  OF  MOLE  RATIO  TO  CALCULATE  THE  AMOUNT  OF  REACTANTS: 

Q.  Consider  the  following  reaction. 

0  How  mmy*moies>of  Oxygen  atf neededto  react  with  4.5  moles  of  Hytogen? 
U)  How  many  grams  of  Hydrogen  wiU  completely  react  with  tOO  g 
form  water? 

ATOMIC  MASSES:  H  =  I-  °  =  ^  n  . 

Solution  (i)  2H,(g)  +  Ot(g) - ►  IHjOOl 

V2  moles  1  mole  2  moles 

Given:  4.5  moles  -  . 

Required:  -  moles?  ' 

2  moles  lH:'  react  with  1  mole  02  - 

1  mole  ‘Hz’  reacts  with  —  mole  of  l02’. 

4.5  moles  ‘H2’  react  with  ^  x  4.5  moles  of  ‘Of 
43  moles  ‘H2*  react  with  2.25  moles  of  ‘02 


Given: 

Required: 


Solution  (ii) 


2H2t4)  +  02(g, 

2  moles  1  mole 

2  x  2g  32g 
4g  32g 


2H20{)  > 
2  moles 
2  x  I8g 
36g 


a  ^ 

32g  of  *02’  react  with  4g  ‘H2’ 

4 

lg  of  *02’  reacts  with  —  g‘H:' 

4 

lOOg  of  ‘02’  react  with  —  x  1  OOg  H2 

=  12.5g 

lOOg  of  ‘02’  react  with  12.5g  ‘H2’ 

RESULT: 

i)  Number  of  moles  of  Oxygen  =  2.25  moles. 

ii)  1 00  g  of  Oxygen  require  =  1 2.5g  of 


H-*-  at  JE  _  25 

cro  i  £  j= 

C3»  E  «  SSI 
m— j-  e» 

—LA  O  L_  IB  «3 

,  tn  — *  _ — 

=®<  .*3 

qT  'EL33' 

£=  *o  g  ®s 

S  m 

cc  -  “  "C:  t=> 
Cl.  --5  s*» 

tx  »  s  cS 

vou  a.  •-  -  .. 
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EXERCISE 


IX-Chemistry  Chapter#2,  Page#  15 


It  p.|f.  '  - -  I., 

i-1  FiU  m  the  blanks:  * 

0  18  grams  of  H-0  contain  mn,  , 

1  £  ZZZutTr  su^c  is  called 

,mpIe“rb“  ,sa^S,Cal  SUbSt“Ce  breakS  d0WD 

v)  saC! . 

— - -  Ui  -  1#  •  ■  — -  — -ii )  --.  I 

\  i,n  *  - - - - reaction. 

)  When  metais  react  with  acids  or  water,  they  produce 

“  J10DmWhicha5ubs^ce  bums  in  oxygen  to  produce  heat  and  flame  is 

)  The  reaction  2n  +  2HCI  — -°It^fleth°d  to  describe  a  chemical  reaction 

2  Tick  the  correct  answer-  2  H=  (g)  is _ — 

statement* of  the:^  *  ~I  “  des^ed  during  a  chemicah  change,  is  the 

(c)  Law  of  multipleap^>pom^SS  L™  °f  definke  proPorrions 

A  given  compound  always  contains  ex(actwL°^!;C,Pr°CaI  proponio,“ 
mass,  is  the  statement  of:  '  e  same  proportions  of  elements  by 

Ta)  Law  of  conservation  of  mass  t  <-  .  ^  . 

(c)  Law  of  multiple  Droporrions  m  f*  of  definite  proportions 
The  sum  of  the  average  mass  nfn  «  ^  -L  of  reciprocal  proportions 

the  mass  of  C-12  is“  BUXnire  of  isoioP«<  «*fcb  is  compared  to 

(a)  Atomic  number  /Ku, 

(C)  Atomic  mass  Mass  number  2 

A  fottuuia  that  gives  oniy  the  reiative  ^SToflX.  of  atoms  in  a  moiecuie 

(a)  Empirical  formula  w  .  .  ^ 

(c)  Molecular  mass  Molecular  rormula 

SSS  ss  *■ — r. 

(c)  Molecular  mass  £)  ^oIecular  formula 

The  sum  nf  rK»  ■  W  Formula  mass 

(a)  eS:I  °f  1 ui  "  *  "0.ccule  is  ceded  the: 

(C)  Molecular  mass  Molecular  formula 

(cj  Molecular  mass  (b)  Molecular  formula 

The  mass  of  *1 !  m-t  &  ,  '  ^  Formula  mass 

(a)  Empirical  formula'  ^  substance  “P™a*d  S™n  is  called  the: 

(c)  Molecular  mass  (b)  Molecular  formula 

44  a  m  n  nfrn  *  (aj  Molar  mass 

T\  a‘m-u-  of  c02  is  equal  to  the: 

(a)  Molar  mass  . 

(a)  Molecular  mass  rnr  w*0™*  mass 

SmolesofH.n, - .. ...  W)  Mass  number 


—  -i - W^l^***  LKJ 

(a)  Molar  mass 
(c)  Molecular  mass 
5  moles  of  H2O  are  equal  to: 
(a)  80  g  .(b)  90  g 


(c)  100c 


(d)  90  aun.u. 
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ANSWER  KEY 


Q.l 


a 

LU 

tr 

E 

Z 

LU 

CJ 

—I 

< 

CJ 

O 

< 

ce 

a. 

a 


Q-2 


Q-3 

(i) 

Ans. 

(ii) 

Ans. 

(iii) 
Ans. 

(iv) 
Ans. 

(v) 

Ans. 

(vi) 
Ans. 

(vii) 


i)  6.02  xlO25  1 

ii)  Chemical  change 

v)  Hi 

WV  'noiible  dfenlncerrsent 

vi)  Addition 

vii)  Combustion  reaction 

viii)  Chemical  equation 

ix)  Single  displacement  reaction 

i)  a 

ii)  b 

iii)  c 

iv)  b 

v)  b  • 

vi)  c 

vii)  d 

viii)  d 

Lx)  c 

x)  b 

Ans. 


Write  the  answers  of  the  following  questions: 

State  the  law  of  conservation  of  mass.  Describe  Landolt  experiment. 

on  page  #  3 

State  the  law  of  definite  proportions  in  your  own  words, 
on  page  #  4 

What  is  the  law  of  multiple  proportions?  Explain  with  examples, 
on  page  #  4 

State  the  law  of  reciprocal  proportions  and  illustrate  it  with  examples, 
on  page  #  5 

What  is  empirical  formula?  Give  an  example, 
on  page  #  6 

What  is  molecular  formula?  Give  an  example, 
on  page  §  6 

C^an  one' substance  have  the  same  empirical  formula  and  molecular  formula? 
Explain  with  examples. 

Most  inorganic  substances  have  the  same  empirical  formula  and  molecular 
formula. 

Explanation: 

Inorganic  compounds  show  the  same  empirical  formula  and  molecular  formula 
because  formula  shows  the  relative  ratio  of  atoms  as  well  as  the  real  ratio  of 
atoms  simultaneously. 

Examples: 

H20,  C02,  HC1,  HjSO.,  NaCl,  Na2SO.,  CuSO,  etc.  are  the  formulae  of  some 
compounds  which  are  empirical  as  well  as  molecular  formulae. 
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g  Ans.  onpase#6 

u  ;  ~ 

<  0^)  What  is  atomic  mass  unit? 

1“ 

|  Ans.  The  mass  of  ~  part  or  Carijon  atom  is  considered  as  atomic  mass  unit. 

53  !  '  'l->  r~  „  e 

|  (x)  Tie  value  of  the  atomic  mass  of  Carbon  in  the  periodic  able  is  12.011  amu 

~  rather  than  12.00  a.m.u.  Explain. 

«  Explanation- 

■  Too  IOmiC  ““  °f  CarbOD  “  1116  Peri°diC  “  12-01 1  —  r-r  than 

f  a'ID'U'  b£CaUSe-  *hen  average  isotopic  mass  of 

I  Carb°n  “  C°mPa7ed  “  thE  maSS  *  of  carbon  atom,  the  result  obtained  is 

p  l--011a.m.u. 

CJ 

S  (xi)  Calculate  the  average  atomic  mass  of  Chlorine  if  75%  of  I7C1*  and  2<%  „Cl” 

3  .  isotopes  are  present  in  Chlorine. 

3  Solution: 

» 

|  Average  atomic  mass  of  Chlorine  =  2IX’S +-21x37 

;  100  iooX37 

I 

'  =  0.75x35  +  0.25x37  **:.*■* 

!  •  •  of  t5 

=  26.25+9.25 

Average  atomic  mass  of  Cl  =  3S,5  a.m.u. 

^jgg^g^nSTrfChrnrine  =  35.5  a  nCTT)  ■  SPSS'S 

(xu)  How  many  atoms  are  there  in  5  moles  of  Sulphur?  2  «  S  5  J 

c  ,  r  Sz  ta  -2  Pr  o 

solution:  ctr  • 

x  «  E; 

\  ,  S 51  5  1 2 

1  mol  Sulphur  contain  =6.02x10  atoms  g 

r>— 

5  mol  Sulphur  contain  =5x6.02x10 

2J 

=  30. 1x10  atoms 
13  mo]  of  SuIPfaur  contain  =  30.  lx  10  atoms 

w.  1. .  «. *.  „„  of  .  FW  „  __  ^ , 

3 

Ans.  on  page  #  7  i 

e 

3 

as— P 
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•  '  •  ’  '  "  lX-Chemistiy  Chapter#  2,  Page#  18 

(xiv)  What  is  Avogadro’s  number?  Find  the  number  of  Oxygen  atoms  in  4g  of  Oxygen. 
Ans.  on  page  #  7.  8  and  9 

(xv)  What  does  Avogadro's  number  represent? 

(xvi)  What  is  the  mass  in  gram  of  a  single  atom  of  each  of  the  rollowing  elements? 

(a)  Carbon  (C)  (b)  Magnesium  (Mg)  (c)  Calcium  (Ca) 

Ans.  (a)  Carbon  (C) 

Solution: 

13 

Mass  of  6.02x10  atoms  of  Carbon  =  12g 


Mass  of  1  atom  of  Carbon  = 


6.02x  fo 


=  1.99xl0g 


| -  -23 

[Mass  of  a  single  atom  of  Carbon  =  1.99x10  g  4  Ans. 

(b)  Magnesium  (Mg) 

Solution: 

Mass  =  Atomic  Mass  x  number  of  atoms  ' 


‘  (c)  Calcium(Ca)  Solve  yourself  by  using  the  above  formula. 

(xvii)  What  is  the  mass  in  grams  of  lx  1020  atoms  ofNa? 

Ans.  Solve  by  using  formula  given  in  Q.  (xvi) 

(xvii!)  Define  the  following: 

(a)  Molecular  formula  mass  (b)  Formula  mass  (c)  Molar  mass 

Ans.  on  page  6,  7  ' 

(xix)  Calculate  the  molecular  mass  (in  a.m.u.)  of  each  of  the  following  substances. 

(a)  H20  (b)  H202  (c)  CA  (d) 

Ans.  Solve  yourself. 

(xx)  Calculate  the  formula  mass  ( in  a.m.u.)  of  each  of  the  following: 

(a)  KNO3  (b)  A1203  (c)  CaC03  (d)  MgCl2 

Ans.  Solve  yourself. 

(xxi)  Calculate  the  molar  masses  of  the  following  substances: 

(a)  SB  (b)  CS2 

(c)  CHCI3  (Chloroform)  (d)  CH3  -COOH  (Acetic  acid) 

Ans.  Solve  yourself. 

rPRACTtCAL  CENTRE 
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Mokr  mass  =  Fe203 

=  Fe2=  56  x2  =  1 12 
=  03  =  16x3  =  048 

=  160  g 

formula  Mass  of  rust  =  160g 

-  ■  — ’*•  — —  j-uuics  ui  re 

Ig  rust  contains  — -  moles  of  Fe 
1 60 

3  Og  rust  contain  —  x30  *  . 

160 

_  60 
160 

_ _ _  =  0.375  moles  of  Fe 

0^75  moles  of  Fe  are  present  in  30?  nf  met  ]  Ans 


(d)  Products  . 


(xxiii)  Define  the  following  terms. 

Ans.  £“,reaCttOD  •  W8““  '  WProduc  . 

("V)b^=‘d  “n31  eqUad0n?  ^  "  3  an  example  of 

Ans.  on  page  #15,  16 

(XXV)  What  is  combination  reaction?  Give  an  example 
Ans.  on  page  #10 

^s^Jsssssis'szs'^-'  *■ 

Ans.  on  page  #10  K 

(IXVU)  What  is  single  replacement  reaction?  Give  an  example 
Ans.  on  page  #10  ' 

(xxviii)  Explain  double  displacement  reaction  with  examples 
Ans.  on  page  #11 

(xnx)  Balance  the  following  equations  by  inspection  method? 

(a) C  +  02  - ►  co 

(b) CO  -5-  02  iZ  t  C02 

(c) KN03  —  »  KN02  +  o2 

(d)  NaHC03  - l  Na2  C03  +  H20  +  CO, 

(e)  CaC03  4-  HC1  CaCl2  +  H20  +  C02 

+02  NO  +  h2o 

Ans..  Do  yourself. 


KN02  +  o2 
Na2  C03  +  H20  +  C02 
CaCl2  +  H20  +  C02 
NO  +  H20 


Practical  centre 
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IX-Chemistry'Chapter#  2,  Page#  20 

(xxx)  Which  of  the  following  reaction  is  either  a  decomposition  reaction  or  combination. 

*  * 

reaction? 

(a)  MgCOs  - *■  MgO  -s-  CO, 


(c) BaC03  - -  BaO  +  CO, 

(d) N2-3H2  ►  2NH3 

Ans.  Do  yourself. 

(xxxi) Balance  the  equation  and  decide  which  one  is  single  replacement  reaction. 

(a) C,R,+  H2  - ►  C4Hb 

(b)  Ca  -f-  H,0  - ►  Ca  (OH),  +  H, 

(c)  C,H5  OH  +  Na - ►  C2H5ONa  +  H, 

Ans.  Do  yourself. 

(xxxn)  Balance  the  following  equations.  State  which  of  these  is  a  decomposition 
reaction  or  combination  reaction. 

.  (a)CHU  +  O,  - ►  CO,  -r  H,0 

(b)  NO2  •*  NO  .+  O, 

(c)  Na  +  02  - Na,0 

Ans.  Do  yourself. 

(xxxih)  Consider  the  combination  of  (CO)  with  oxygen  (O,)  gas.  * 

2CO  +  O,  - ►  2C02 

Calculate  the  number  of  moles  of  (CO,)  produced  when  50  moles  of  oxygen  are 

reacted  with  all  of  CO. 

# 

Ans.  Solution:  2CO  +  O,  -  - *  2CO, 

2  moles  1  mole  2  moles 

Given:  -  •  50  mole  - 

Required:  -  -  Moles? 

1  mole  of ‘O,’  produces  2  moles  of ‘CO,’ 

50  moles  of ‘O,*  produce  2  x  50  =  100  moles  ‘CO,’ 

50  moles-of  ‘Oi’  produce  100  moles  ‘C02’ 

(xxxiv)  Calcium  carbonate  (CaC03)  on  heating  gives  calcium  oxide  (CaO)  and  CO, 
gas. 

CaC03' - ►  CaO  +  CO, 

Calculate  how  many  grams  of  calcium  oxide  (CaO)  can  be  obtained  by  beating  8 
moles  of  CaC03. 
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w  Ans.  Atomic  Masses:  Ca  =  40, 
S  Solution:  ,CaC03  - 


C  =  12. 


0=16 


IX-Chemistry  Chapter#  2,  Page#  21 


Given: 

Required: 


'  1  mole 
8  moles 


CaO  +  C02 
1  mole  1  mole 

Mass  ? 


2  1  mole  of  ‘CaC03‘  produces  1  mole  of  ‘CaO’ 

l  8  moles  of  ‘CaC03'  produce  S  moles  of  ‘CaO’ 

|  =8x[40-rI6Jg 

I  =  8  x  [56]  g 

=  8  x88  g 
=  448  g 

8  moles  of  ‘CaC03’  produce  448  g  of ‘CaO’ 

Q-CX^V)  Silicon  tetrachloride  (SiCU)  can  be  prepared  by  heating  (Si)  in  Chlorine 
gas  (Cl2). 

Si  +  2C1, - ►  SiCU 

If  we  want  to  prepare  10  moles  of  (SiCU),  how  many  moles  of  molecular 
Chlorine  (Cl2)  will  be  used  in  the  reaction? 

Solution: 

Si  +  2C12  - -  SiCU 

1  mole  2  moles  I  moic 

1  mole  of ‘SiCU’  requires  2  moles  of ‘CU’ 

10  moles  of ‘SiCU’  require  2x10  moles  of ‘Cl2’ 

10  moles  of ‘SiCU’  require  20  moles  of  ‘Ci3’ 

Q.(xxxvi)  Fetmentarion  is  chemica.  decomposition,  in  which  Giucose  (QHpQ.)  is 
convened  into  Ethyl  alcohol  (C2H5-OH)  and  Carbon  dioxide  (CO-,) 

_17u  QHi2°6  *  2C2H5-OH  -r-  2CO-. 

What  will  be  the  amount  of  Ethyl  alcoho!  in  grams  and  moles,  which  can  be  obtained  bv 
fermentation  of  5000g  of  Glucose? 


Atomic  Masses:  C  =  12,  H  =  12 

Solution  (i)  QH.,0* 


u  Given: 

— j 

o  Required: 


1  mole 
5000  g 


0  =  16 
2C2H;-OH 
2  moles 


2C02 
2  moles 


Amount  in  gram?  Mole  ? 


-  - — ‘  ut  gltuu  i  JVJU1C  : 
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IX -Chemistry  Chapter#  2,  Page#  22 


Calculation  of  Molar  mass; 
Molar  mass  of  ‘QH^CV 


Molar  mass  of  ‘C2H5-OH’ 


6  x  12  -M2  x  1  +  6  x  16 
72  4-  12-96 


Mole 

Moles  of  Glucose  = 


2xl2  4-5xlMxl6Mxl 
24  +  5  +  16+1 
46  a.m.u. 

Mass  of  substance  (g) 
Molar  mass 

5000g 

180g 


Moles  of  Glucose  =  27.77  mol  \ 

Fermentation  _ _  _7_  ___ 

(CfrHuOfi)  - *  2C2H5-OH  +  2C02 

1  mole  2  moies  2  moles 

1  mol  of  Glucose  produces  2  moles  of  Ethyl- alcohol. 

27.77  mol  of  Glucose  produce  2  x  27.77  mol  of  Ethyl  alcohol. 

=  55.55  mol  of  Ethyl  alcohol. 

5000g  of  Glucose  produce  55.55  mol  of  Ethyl  alcohol 

Solution  (ii)  Mass  =  Mole  x  Molar  mass 

Mass  of  Ethyl  alcohol  =  Moles  of  Ethyl  alcohol  x  molar  mass  of  Ethyl  alcohol 
=  55.55  x.  46  g  ’ 

Mass  of  Ethyl  alcohol  =  2555.3  g 

5000  g  of  Glucose  produce  =  25553  g  of  Ethyl  alcohol 

Answers: 

1.  Mol  of  Ethyl  alcohol  produced  =  55.55  mol. 

2.  Mass  of  Ethyl  alcohol  =  2555.3  g. 
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ELEMENT: 

-  -  atoms  is 

Th.  r'  i  _  - ,  A  °f  an  element  is  called  atom. " 

small  indivisible  particlS^P^ilSe^(^,^tlnigaVe  ^  ^  ^  e,emcnts  consist  of  veiy 
"Atoraos"  which  r  ^  WOrd  at0m  15  *°m  *e  Greek  wort 

(cannot  be  dividti)  0301101  fae  **’•  In  othcr  wo"is,  atom  is  indivisible 

^^proto^ZdtZom^  C°nSiStS  °fsub-momh  P1''*'1'*  '“‘“a 

Dalton  s  Atomic  Theory: 

stated:™5  W“  ®Vm  by  a  British  schoo>  John  Dalton  in  1808.  He 

Element  are  made  up  of  snWl  indivisible,  indesmtcuble  panicles  called  atoms 
Atoms  of  an  element  have  same  she,  shape,  chemical  properties  and  mass 
Atoms  of  one  element  are  different  from  atoms  of  other  elements. 

in  a  ratio  atsi^.k™holeV’numbS’.mS  ^  *“  °De  type  °f  elements  combine 

*£££2  ™t°”  lat  ZT”  f  at0ms-  but  a-  not  changed 
reactions.  '  Denhcr  CTCated  destroyed  in  chemical 

Defects  in  Dalton's  Atomic  Theory: 

but  modera  *** conWd  «■“ 

difference  of  Neutrons21'  tW°  1S°t0peS  of  Chlor“e-  ™s  difference  is  due  to'  -  • 

Modern  Atomic  Theory: 

properties  oSematf  ParUcl'S  called  at°m-.  (Atom  possesses  all  the  : 
X"  elemeD‘  rf  ■*-“»*  P^cies  called  electrons,  protons  ajf 

in  a^tio  ofs^hwhole^br  °*  “°re  °”e  *ype  of  e,en>en*  combine!! 
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pl|^^  I  ^  fc 

^I^Eacli  atom  consists  of  three  subatomic  particles  called  Electron,  Proton  and  Neutron, 
^nfese^ubatomic  particles  are  also  called  Fundamental  Particles,  ,  ; '  v  ‘ 


iO<ca(U4 


,eachi~atoin; 


6mspn1ifirl897; 


imegaftvelyc] 


^me^ofl)lTiisfi  'll^finSvffi^f^''C^63e:TO' Anode  are  Observed.  It 
appears  that  these  rays  travel  in  straight  lines  from  Cathode  to  Anode  and  a  glow  is 
observed  on  the  tube  toward  Anode  side  where  these  rays  strike-. - - •  • 
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Conclusions: 


IX -Chemistry  Chapter SS  3  Page*  5 


ravs  i?r,TCle!/r  PfSed  41011811  dectric  “d  field  in  the  fori  of 

Dosirive  ^  ^  Partlcles  w“e  deviated  from  their  path  towns' the 

negatively  charee?’ L?3™6110  lldd>  50  !t  15  a  clsar  indication  that  these  particles  are 
negatively  charged.  They  are  called  electrons.  ^ 

The  same  experiment  was  performed  hv  ,  ... . 

-  U1  liicae  paj  ucies  remained  me  same. 

*■  TS,ame  euxPerirnent  was  performed  by  changing  the  metal  of  the 
electrodes.  It  was  observed  that  the  nature  of  the  particles  remained  the  same. 

PROPERTIES  OF  CATHODE  RAYS  (ELECTRONS): 


0 

«) 

iii) 

u 

v) 

xi) 


whkhTndicat^r  *  th£  Path  °f  1 Cathode  a  ^adow  is  obse^ed 

which  indicates  that  these  panicles  travel  in  straight  lines. 

vh-,Kg  ,paddle  "/heel  iS  placed  in  the  Path  Cathode  ravs.  the  wheel  rotates 
uhich  indicates  that  Cathode  rays  are  material  panicles.'  The  mass  of  each 
partaJe  was  found  to-be  183  /  times  less  than  the  mass  of  a  proton. 

(glow)*“oducedStnkC  Uith  gl3£S  "  S°me  0thCT  mat£rial  fiuores“n« 

m^ndCaih°de  PaSS  thlou*h  eIectric  and  magnetic  fields  then  thev  deflect 
P^kles  P°SmVe  P  ^  WhiCh  indiGateS  11131  111256  are  negatively 'charged 

l^ese  particles  are  material  in  nature  and  can  produce  mechanical  pressure  and 
are  moving  with  certain  velocity,  so  they  posses  Kinetic  energy. 

The  —  ratio  that  is  ratio  of  Cathode  particles  is  1.7588x10s  - 

I  Cou^oinb  ^  e 

{  gram  )'  7116  m  rati°  °f  sleclron  is  also  same.  The  Cathode  panicle 
of  any  other  gas  also  carries  the  same  —  ratio. 

DISCOVERY  OF  PR9TONS  (GOLDSTEIN  EXPERIMENT): 

presence  of^fa.^n^S^elni  3  G'nnan  Ph-Vsicist’  performed  an  experiment  to  show  the 
presence  of  maiena]  panicles  which  are  positive  in  nature. 

EXPERIMENT:  ~\ 

*scdarSembe  is  filled  with  hydrogen  gas  while  the  cathode  is  perforated 
Sl,0hlSt  15  10  *»*  «  vety  low  pressure,  light  is  observed  beh^d 


JTI 


High 

Voltage 


Discharge 
y  Tube 


Cathode 

(perforated) 


©  jfO\ 

- V! - ^ 


Anode 


f  0  vacuum  pump 
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IX -Chemistry  Chapter#  3  Page#  6 

Conclusion: 

Light  behind  the  cathode  is  observed  due  to  the  ionization  of  gas  filled  in  the  tube, 
e-g.  H  - - ►  EC  +  e" 

-  '  Proton  Electron 

Properties  of  Positive  rays: 

i)  These  rays  travel  in  straight  line  in  the  direction  from  Anode  to  Cathode. 

ii)  When  these  rays  are  passed  through  electric  field,  then  these  particles  were 
deflected  towards  the  negative  plate,  which  indicates  that  they  are  positively 
charged  particles. 

iii)  The  ratio  of  positive  particle  is  much  smaller  than  that  of  electrons 

m 

Discovery  of  Heutrons: 

» 

In  1932,  the  British  Physicist,  James  Chadwick  discovered  a  third  fundamental 
parade  of  atom  with  the  help  of  artificial  radioactivity.  This  particle  is  neutral  in  nature, 
having  mass  nearly  equal  to  the  mass  of  a  proton. 


Properties  of  Electron^  Proton  and  Neutron: 


ELECTRON 

PROTON 

NEUTRON 

1)  Charge 

1)  Charge 

1)  Charge 

The  charge  of  Electron  is 

The  charge  of  Proton  is 

Neutron  is  neutral. 

negative. 

positive. 

2)  Quantity  of  charge 
1.602  x  10'19  Coulomb 

2)  Quantity'  of  charge 

1.602  x  10'19  Coulomb 

2)  Quantity  of  charge* 

'\ 

No  charge. 

or 

4.8  x  10'10  e.s.u. 

or 

4.8  x  10'10  e.s.u 

3)  Mass 

3)  Mass 

3)  Mass 

Mass  of  electron  is 

Mass  of  Proton  is 

Mass  of  Neutron  is 

9.11  x  10’31  kg. 

1.673  x  JO'27  kg. 

1.675  x  1 0'"7  kg. 

or 

9.11  x  10*2S  g. 

or 

1.673  x  10'24  g. 

or 

1.675  x  1 0'24  g. 

4)  Charge  unit  -1 

4)  Charge-unit  -H 

4)  Charge  unit  (Zero) 

| 

PRACTICAL- 
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RADIOACTIVITY  IX-Chamlstry  Chapter#  3  Pages  7 

Radioactive  Substance: 

The  substance  which  emits  radiations  is  called  radioactive 

'  radioactive"eiements^n  ^  samples  of 

Type  of  Rays  (  a  ,  (3  and  y  Rays): 

Photographic  Plate  -«=xr  _  c: 

L  /h  m 


x*.  in 

xs  HI 

X  1,1 

v\  HI 

^  HI  T  /# 

'SA.  Ill  /# 

a  Will  p 

MU  // 

Hill  /// 
mu  m 
m 
inusr 


I  o  nj 

-  E 
o  c  •** 
—  O  3 
CJ  1_ 

32  __  re  ■ 
Q-  ~  <w  ' 

°3<z 


Q_  to”  -  , 
rxz  »  2 

^  a.  Jr 

-cr  o  ** 


Radioactive 

.Material 


tsiture  of radioacriveravs.^  Er"eSt  P'rf°^  an  experiment  to  study  the 

Radiatioi^wmin^out^f  th^cavity  wer^pa^ed'tiiix)3'7^  °f  3  ^Ck  Lead  W  bl“l<- 

avl™  were  passed  through  strong  electric  field. 

It  was  observed  that  these  radiations  split  into  three  directions 

ositive  charged  particles  or  Alpha  (a)  rays: 

.  0  Positive  charged  panicles  were  defleaed  towards  the  negative  plate 

Nev  r*  ^ 7  P0Slt,V'  Char§ed  PaniC!eS  2rC  Called  "pto  («J  Panicles 

Negatively  charged  particles  or  Beta  (p)  rays: 

1  Char?ed  PartCieS  were  da^  towards  the  positive  plate 

Neutral  Ch“*ed P“*>“ «  «lled  Beta  (P) panicles. 

Neutral  rays  or  Gamma  (y)  rays 

U  These  rays  remain  un-deflerT^ri  ~,r  u 

these  are  neutral  (having  no  charge)  '  “  ^  dil“:ti0D)-  shovvinS  thal 

h)  These  rays  are  called  Gamma  (y)  The-  ™ 

nature.  ^  - S'  ^e-'  ^  aor  “aner  (particle)  in 
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Rutherford  Atomic  Model: 

In  1911,  Lord  Rutherford  successfully  performed  an  experiment  to  study  the 
structure  of  an  atom. 

Hxoeriment: 

Rutherford  bombarded  Alpha  (aj  panicles  on  a  \eiy  umi  -- 

found  that  most  of  the  Alpha  particles  passed  through  it  without  any  deflection.  Some  oi 
the  Alpha  panicles  were  deflected  at  large  angles.  Very  few  Alpha  particles  bounce 
back  as  shown  in  the  figure: 


Beam  of 'a'  panicles 


Atom  of  metal  foil 
\. 


Few 


0 

Hi 

te 

►- 

z 

UJ 

O 

< 

o 

u 

< 

a. 

0 


o 

cv 

to 

o 

tM 

z 

O 

in 

in 

UJ 

C/3 


Yerv  few 


Majority  of 'a'  rays 
remain  undeflected 


Majorin’  of 'o’  rays 
remain  undeflected 


Feu- 

Observations  and  Conclusions: 

(1)  Most  of  the  ‘  a  ’  particles  passed  undeflected,  so  most  of  the  portion  of  the  atom 

(2) 


TV 

A 

L-*.  Nil  Cl  EUS 

W  I 

<  A  4  \ 

v/  / 

J  W-  i'  U 

0 


0 


is  empty.  .  . 

Few  ‘a’  particles  deflected  with'  large  angle,  so  the  middle  pomon  of  the  atom 
has  entire  positive  charge  in  that  portion  called  nucleus.  Nucleus  of  the  atom  is 

positively  charged.  _  .  , 

Very  few  ‘a’  panicles  bounced  back,  so  the  nucleus  is  the  hardest  pomon  oi  the 
atom  and  nearly  the  entire  mass  is  concentrated  in  the  nucleus. 

Since  atom  as  a  whole  is  neutral  (having  no  charge),  so  there  must  be  negative 
charge  outside  the  nucleus. 

Electrons  revolve  round  the  nucleus  in 
various  orbits  called  Shells  or  Energy 
levels. 


(3) 

(4) 

(5) 


(Extra  nuclear  pan) 

Weaknesses  or  Defects  in  Rutherford's  Atomic  Model. 

i)  According  to  Classical  Electromagnetic  Theory,  a  charged  particle  releases 
energy  during  its  movement.  Since  the  electron  revolves  continuously,  so  it 
evolves  (releases)  energy  and  due  to  loss  of  energy,  the  electron  must  fall  into  the 
nucleus.  This  is  not  true. 

ii)  Since  the  electron'  revolves  continuously,  the  energy  dissipated  must  be 
continuous,  so  a  continuous  spectrum  must  be  formed.  But  in  actual  practice,  line 

spectrum  is  obtained. 
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|  Bohr's  Atomic  Model:  ~^chapterS3Pagess 

|  - 

_  ^  When  electron  cr^ins  ar^,  __  ,,.  u 

*  ~ 

-  ....  , . "  •^•s  mux  tumty  return  rack  to  its  original  energy  level 

I  W)  Sgt^asre^iD!T^’  ?  mov-  b-k  .0  lower  energy  level. 

I'  3re  °bserved  °n  *=  screen,  ml i° cSStt^S^. S°m£  (C°'0Ur) 

1  fV)  r?d!atio“  “ergJ’  "  direCtly  pr°P°ni°^  «°  the  frequency  of  the 

I  j.e.  AP  =:  -y 

TOere  h  =  Planck's  constant,  v  =  Frequency  of  the  radiation. 

Atomic  Number  (Z); 

Zl7cZleL°^r0,°nSPreSent  tn  lhC  nUC‘eUS  »/«  «on,  is  caned 

Atomic  number  is  generally  denote  kv  t7\  . 

of  protons  is  equal  to  the  number  of  ekcuo^f  AJ b?*U5e  the  nUmber 

atomic  numbers.  No  two  elements  can  ^  “  ,d£ntifi':d  by  their 

c,cramis  can  nave  the  same  atomic  number 

Consider  the  example  of  Carbon  and  Nitrogen: 

properties  of  Carb^ Tand  Ni^eo  m  ^  is"7-  S°  the 

protons  of  Nitrogen  is  7,  so  the  number  ofetuo^  tf ^o^tV^  ^  “  °f 

Mass  Number  (A): 

m°ss  number. "  pr0t0ns  and  neutrons  in  the  nucleus  of  an  atom  is  called 

X— ~W-  »-b„„„TO«K) 

\  A  =  Z  +  n 

Number  of  neutrons  -  A  ~Z 

Consider  the  example  of  Sodium  (Na): 

Atomic  number  of  Na  =  11  and  rk*  ™  ~ 

-  -v,  ,  11  and  tde  mass  number  ofNa  =  *>^ 

Nllmksr  nf  °  — -  - 


Number  of  protons 
Number  of  neutrons 


11  = 
A  -  Z 
23-11 


number  of  electrons 


Number  of  neutrons  (n)  =  j  -> 

Usually,  the  mass  number  and  atomic  number  are  written  as: 


Mass  number  23 
Atomic  number  1 ' 


“Na 


i  r 
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IX-Chemistry  Chapter#  3  Page#  10 

ISOTOPES 

Atoms  of  an  element  having  the  same  number  of protons  but  different  number 
.  of  neutrons  are  called  Isotopes. 

OR 

Isotopes  are  the  atoms  of  the  same  element  Having  the  same  atomic  number  but 
different  atomic  masses 

Chemical  properties  of  an  element  depend  upon  the  number  of  electrons  in 
elements.  Therefore  all  isotopes  of  an  element  have  the  same  chemical  properties  but 
their  physical  properties  are  different  due  to  different  mass  numbers. 

Consider  two  isotopes  of  Chlorine  (i)  Cl- 35  and  (ii)  C/-37. 

For  Cl- 35.  the  atomic  number  is  17.  so  this  Chlorine  contains  17  protons.  17 
electrons  and  18  neutrons.  (The  number  of  neutrons  “35  -  17  =  18). 

For  C/-37,  the  atomic  number  is  17,  so  this  Chlorine  contains  17  protons.  17 
electrons  and  20  neutrons.  (The  number  of  neutrons  =  37  -  17^=  20). 

EXAMPLES  OF  ISOTOPES 


0 


Isotopes  of  Hydrogen: 


There  are  three  isotopes  of  Hydrogen: 

(i)  ;H  (ii)  ’H(’D)  (iii)  ‘HCJ) 


Protium  Deuterium  Tritium 

>  Protium  contains  1  electron,  1  proton  and  1-1  =  0  means  no  neutron. 

>  Deuterium  contains  1  electron,  1  proton  and  2-1  =  1  neutron. 

>  Tritium  contains  1  electron,  1  proton  and  3-1  =  2  neutrons.  . 

All  these  three  isotopes  of  hydrogen  have  the  same  chemical  properties  due  to  the 
same  number  of  electrons,  but  physical  properties  are  different  due  to  different 
mass  numbers  or  different  number  of  neutrons. 


Isotopes  of  Oxygen  (O):  x  . 

There  are  three  isotopes  of  Oxveen  0-16,  0-17,  and  0-18. 

(DIO  (ii)  ".O  *’  (iii)  TO 

>  ’JO  contains  8  electrons,  8  protons  and  16-8  =  8  neutrons. 


>  ’JO  contains  8  electrons,  8  protons  and  17-8  =  9  neutrons. 

>  ’JO  contains  8  electrons.  8  protons  and  18-8=10  neutrons. 


Isotopes  of  Uranium  (U): 

There  are  three  isotopes  of  Uranium  U-234,  U-235.  and  U-23.6. 

(i)  TJU  (ii)  .  (iii) 

>  TJU  contains  92  electrons,  92  protons  and  234-92  =  142  neutrons. 

>  TJU  contains  92  electrons,.  92  protons  and  235-92  =  143  neutrons. 

>  contains  92  electrons,  92  protons  and  236-92  =  144  neutrons. 
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Isotopes  of  Carbon  (C):  '^-Chemistry  c 

Tl»ere  are  three  isotopes  of  Carbon  C-12,  C-J3,  and  C-14 

(0  *C  finup  '  H 

>  ‘  .  00  ‘c  W)  "C 

.  contains  6  electrons.  6  protons  and  12-6  =  6  neurons. 
^  gC  contains  6  electronc  &  tv-™ 
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ARRANGEMENT  OF  ELECTRONS  IN  THE  FIRST  20  ELEMENTS 


Elements 

Atomic 

Electrons  in  the  Shells 

'IiTnihor 

i 

1 

i 

• 

m 

■ 

--•1  ! 

7  ♦'h  ! 

H 

1 

■hi 

mm 

\ 

He 

2 

H! 

ill 

i 

Li 

3 

2 

Is2 

1 

2s1  ! 

Be 

4 

2 

Is2 

2 

2s2 

B 

5 

2 

Is2 

3  ’ 

2s22p’ 

— 

— 

C 

6 

2 

Is2 

4 

2s22p2 

— 

i 

— 

N 

7 

2 

Is2 

5  . 

2s22p3 

— 

— 

0 

8 

2 

Vis2 

6 

2s22p4 

— 

— 

F 

9 

2 

is2 

7 

2s22p5 

— 

— 

Ne 

10 

.  2 

is2 

8 

2s22p6 

— 

Na 

11 

2 

Is2 

8 

2s22p6 

l 

3s1 

Mg 

12 

2 

Is2  . 

8 

2s22p6 

2- 

_  *» 

— 

-  Al 

13 

2 

Is2 

8 

2s22p6 

3 

3s23p1 

— - 

I 

\ 

Si 

14 

2 

Is2 

8 

2s22p6 

4 

3s:3p2 

— 

P 

15 

2 

Is2 

8 

2s22p6 

5 

3s23p5 

— 

s 

16 

2 

Is2  ' 

8 

’  2s:2p6 

i 

6 

3s23p4 

i  ~ 

Cl 

17 

2 

Is2 

8 

2s22p6 

7 

3s23p5 

i 

i 

Ar 

18 

2 

IS2 

8 

2s22p6 

8 

i 

3s23p6 

i 

1 

K 

:  19 

2 

M 

!  8 

!  3s:p6 

1 

4s' 

Ca 

20 

2 

IB 

IE! 

IB 

3s23p6 

2 

4s2 

s .  p,  d  and  /  are  subshells,  “s”  has  maximum  capacity  of  two  electrons,  “p’’  has 
maximum  capacity  of  six  electrons,  “d”  has  maximum  capacity-  of  ten  electrons  and  “f 
has  maximum  capacity  of  fourteen  electrons. 
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1 '  Rn  in  the  blanks: 


EXERCISE 


IX-Chemistry  Chapter  *  3  Page#  13 
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"*  ^Atomic  number  of  Sodium  is 

an  element.  :  ""  l*Ha“  "  aumoer  of  neutrons  is  the 


of 
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K 
a. 

3 


tu 
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cc 

a. 
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IV. 


"Sitaifcm  ^efau^l^anen'S’  ha'™s  46  same  numb«- 

V.  The  number  of  isotopes  of  Hydrogen  is  ______ 

.  IS  the  number  of  positive  charges  in  the  nucleus  of  an  atom. 

ft  nnmhor  n-F 


vii.  A-Z  indicates  the  number  of 


vflf  7  —  ,  r - 111  the  nucle^  of  an  atom. 

'a  neuSrm°fPr0,0nS  ”  42  ^  *°m =  “r  of . 

Tick  the  correct  answer:  V 

•*  The  nucleus  of  an  atom  consists  of: 

W  Electrons  and  protons..  .  (b,  Protons  Md  neutrons 

(c)  Electrons  and  neutrons.  (d)  none  of  these 

'  ™S  Par‘iCk  is  ,he  “Shtest  among  the  following: 

(a)  Electron.  •  ...  _ 

(b)  Proton. 

(c)  Neutron. 

(d)  a-panicle. 

This  Particle  is  heavier  than  others: 


2. 


m 


!7-P  = 

i=»2? 

co  i  n  ^ 
C=3  C  £  «M 
I -  o3  ™IN 

i - >  f}  v_  ftt  CO 

-  _  m  ~ 

CJ_  —  .  — 

.  Z  _ 

o3  < 


tn 

tc 


04 


(a)  Electron. 

(c)  Neutron. 

*v.  The  mass  of  electron  is: 
(a)  9.11  x  10'26a 

O* 

(c) 9.1 1  x  J0‘2Eg. 

v*  The  mass  of  proton  is: 
(a)  1.673  x  lO’^g. 

(c)  1.673  x  10'24g. 

V,‘  Charge  on  an  electron  is: 
(a)  1.6  x  10'I6C. 

(c)  1.67  x  10'I6C. 


(b)  Proton. 

(d)  a-panicle. 


cx»  ^ 

=2=  ~  t/>  — 

: -  ^  <j  c.  r>* 

trr  o  i  - 
ST  21  — 


cc 


„  CO 

CC  —  o 
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o 


—  c 


(b)  9.11  xio-27 
(d)  9.13  x  10 


1*30. 


CO  -  E  ■=.  j® 

c — .  c  V)  U 

» — ■  cj  CP 
Cp  U  t-  ra  w 

----  _  re  v»  cm 

«  -5?  - 

cm 


re 


c n 


(b)  1.673  x  10 
(d)  1.673  x  10 

(b)  1.602x  10 

(d)  1.602  x  30 


re  £ 
t_  CM 
co  to 
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IX-Chemisiry  Chapter#  3  Page#  14 

Answers  Q.1 

(i)  Rutherford’?  Atomic  (ii)  11  (Hi)  mass  number  (iv)  Isotopes 

(v)  three  (vi)  Atomic  Number  (vii)  Neurons  (viii)  Electron 

Answers  Q.2 

U)  b  (it)  a  (Hi)  d  (iv)  c  (v)  c  (vi)  d 

(i)  \\  hat  evidence  is  there  that  electrons  are  negatively  charged  particles/ 

Ans.  In  Cathode  discharge  rube  experiment,  the  electrons  obtained  from  gaseous  atoms  move 
towards  the  positive  electrode  (Anode)  anc  show  deiiection  tow-ards  the  positive  pole  in 
a  magnetic  field.  Hence,  electrons  are  negatively  charged  panicles. 

(ii)  What  is  the  proof  that  all  atoms  contain  electrons? 

Ans.  Cathode  rays  were  proved  as  electrons  in  a  discharge  tube  experiment  anc  this 
experiment  was  done  repeatedly  by  changing  various  gases  anc  by  changing  various 
electrodes,  but  the  observations  remained  the  same.  As  Cathode  rays  are  obtained  due  to 
discharcins  of  cases,  it  is  proved  that  all  the  atoms  contain  electrons. 

(iii)  Why  is  it  believed  that  the  atom  has  mostly  empty  spaces? 

Ans.  ir.  Rutherford’s  experiment,  most  of  the  alpha  panicles  passed  through  the  atoms  undefiecttd 
and  very  few  were  deflected  which  proved  that  the  major  pan  of  the  atom  is  empty. 

\jv)  In  w  hat  way  do  isotopes  of  a  given  element  differ  from  each  other? 

Ans.  Isotopes  of  a  given  element  differ  from  each  other  due  to  difference  in  the  number  of 
neutrons  or  mass  numbers  (Atomic  masses'). 

(v)  An  isotope  of  Nitrogen  (N)  contains  7  electrons.  7  protons  and  8  neutrons, 

l  a)  What  is  its  mass  number?  *  (b)  What  its  atomic  number? 

Ans.  (a)  If  (b)  7 

(vi)  C-14  and  N-14  both  have  the  same  mass  number,  yet  they  are  different  elements. 

Explain.  . 

Ans.  Even-  element  is  different  due  to  its  specific  atomic  number.  The  atomic  number  of  C- 
14  is  6  so  it  has  6  protons.  The  atomic  number  oi  N-14  is  7  so  tt  has  protons. 

(vii)  What  are  the  names  of  three  sub-atomic  particles?  What  are  their  masses  in 
atomic  mass  units  (a.m.u.)  and  what  is  the  unit  charge  on  each? 

Answer  on  page  #  06 

iviii)  Give  the  names  and  symbols  for  the  following  elements. 

(a)  An  element  with  atomic  number  6.  Name  =  Carbon,  symbol  =  C 

(b)  An  element  with  1 8  protons  in  the  nucleus.  Name  =  Argon.  Symbol  =  Ar 

i  (c)  .An  element  with  1 7  electrons.  Name  =  Chlorine.  Symbol  —  Cl 

1  (ix)  How  mam  electrons  and  protons  are  there  in  each  atom  of  the  following? 


Name 

C  arhon 
Aluminium 


Electrons 

6 


Protons 

6 


(d)  !  ‘'Fluorine _ 1 _ * _ \ _ I _ 

<e)  j  Potassium _ ’ _ ^ _ i _ 39 

(f)  1  Sulphur  j  Ir _ 

How  many  proions,  neutrons  and  electrons  are  present  in  the  following  atoms? 

(a i  ';N _ (b)  “ Co  _ (ci  i;I _ <£»  :^Pb _ 

I  Elements  !  Electrons  \  Protons  !  Neutrons 
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PERIODICITY  OF  ELEMFMTS 


IX-Chemistry,  Chapter#  A,  Page#  3 


□ 


3 


E 


naturahy^occurring  D™'  0ut  of  92  elements  are 

prepared  in  the  laboratories  by  nuclear  ™™n”'nS  ekmCnIS  haV=  b“n  artificial!>’ 

'“■“u,uUL  ut  vtLOPMENT  OF  THE  PERIODIC  TABLE- 
U  AL-RAZi'S  CLASSIFICATION: 

the  difference  mlhdr  pt^icaf aXterScafprop'^.  ^  ri'rivative£  based  UP°" 

2.  DOBEREINER'S  CLASSIFICATION  (Law  of  Triads)- 

sr "  ™-  «-*  -  stsskss  rsiss 

Statement: 

Example  #  1 : 

respec^el^The Average0 r^ss^s  SLl^which6  (C/}  fn?  l0dine  (I)  «  «.S  and  127 
middle  element  Bromine  (Br)  i.e.  80.  "  1S  °  °S£  l°  lhe  atom,*c  mass  01  the 

35.5  -r  127  162.5 

— T— =  — =SL2 

Example  #2: 

respec^^mtm^T^a^^  W\a,,d  Polassium  (K)  are  7  “d  ^ 

element  Sodium  (Na)  i.e.  23/  1Ch  1S  eqUa  10  the  atomic  mass  of  the  middle 

7_139_46 
2  “T*2* 


TRIAD 

TRIAD 

35jS  Cl 

7  Li 

80  Br 

23  Na 

127 1 

K  ' 

E 


a 
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IX -Chemistry,  Chapter#  4,  Page#  4 


Discrepancies: 


This  iaw  or  rule  canaoi  be  extended  to  the  classification  of  ail  the  elements, 
because  it  is  true  onlv  in  the  cases  of  very  few  elements. 


\  ±  , 


NEW  LAND  S'  CLASSIFICATION  (Law  of  Octaves): 


i  s 


(N 

!  o 
i  « 

12 
■  to 
t 

I  E 


in  1864,  an -English  cnemiSL  John  Newlands  stated  his  law  of  octaves.  He 
arangrd  the  elements  in  order  of  increasing  atomic  masses. 

Statement: 

ul f  >hc  elements  are  arranged  in  ascending  order  of  then  atomic  masses,  then 
every  eighth  clement  shows  similar  properties  to  those  of  the  first.  ” 


uj 

E  i 


I  G 
I  CM 


1  ID 
£Z 


IS* 
!  5 


i  < 
» 


j - 

j  Element  i 

Li 

Be 

B 

c 

N 

0 

! 

!  Atomic  Mass 

i 

7 

9 

11 

12 

14 

16 

19 

!  Element 

•  , 

Na 

Mg 

Al 

Si 

P 

S 

a 

I 

|  Atomic  Mass 

23 

24 

28 

31- 

32 

35.5 

j  Element 

1 _ 

A'  • 

Ca 

!  Atomic  Mass 

39 

40 

j 

From  the  above  chan,  it  is  very  clear  that  the  propenies  of  Li.  Na  and  K  are 
similar  because  these  elements  fall  in  the  eighth  position  of  the  series.  Similarly  Be,  Mg 
and  Cs  are  it-  propenies. 

Discrepancies: 

L  *H  *  v/cS  r»ot  included  in  this  sequence. 

ii.  This  law  nas  not  applicable  to  a  large  number  of  elements. 

4.  LCTHAR  MEYER'S  CLASSIFICATION  (Atomic  Curve): 

In  1869.  a  German  scientist.  Lothar  Mever  arranged  56  discovered  elements  in 
his  periodic  table.  He  described  z  relationship  between  atomic  masses  and  atomic 

vo-urres. 


=  j  Statement: 

g  j  "The  arrangement  of  elements  is  the  periodicity  of  their  atomic  volume  and 

5  atomic  masses. " 


t  ll: 


rmmwimmmm 

jr  Shop  #  6,  BS4/1.  Asif  Centre,  g 
\F.B.  Area,  Block-1,  Near  Usman 
■  Memorial  Hospital,  Karachi  , 
0315-8290802/  0321-2622769 


M  it  H  R  j  ^  fj  tl/  f  ^  t 

•  -3-  Area,  Block-i;  Near  Usman’ 

n^r'a‘"0Spita,»  Karachi  > 
0-15-8290802  /  0321-2622769' 
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mass at°miC 

ss 

volumes.  P>  P“Ls  ShoWInS  that  these  elements  have  largest  atomic 


to  r 


s 


ATOMIC  VOLUME:  *  "  °Ma“  ’°°  120  U°  ,4° 

PEwSrw^‘™  "!o/e  "  mo,e)  °/an  cw" fc 

S-  MENDELEEV'S  CLASSIFICATION  (Periodic  Law): 

fransemeutof’elen!lnB.,an  Chem,St'  D‘mur‘  Mendeleev  gave  a  new  idea  for  the 

Statement: 

,ePr°PenieS  °fe,~  "*  l,le  Periodic  function  of, Heir  dtontic  WeSgh&  „ 

r^^,£3r * -r  •  - ** — 

columns  called  groups.  The  eieht  <™-n<  u>.  !  ows  caIled  Periods  and  8  vertical 

Salienc  Feacttres  (Advances) 

W  £W  "  CiSht  ^  (groups)  and  twe.ve  horiaorta,  rows 

may  show  periodic  ttend°in  while  dements  in  a  period 

<m)  He  corrected  the  atomic  masses  of  many  discovered  elements. 
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He  left  many  vacant  spaces  for  undiscoverecfelements.  He  predicted  the  physical 
and  chemical  properties  of  some  elements  like,  Eka-Boron.  Eka-Aluminium  and 
Eka-Silicon.  After  the  disdor^ies  of  these  elements,  their  properties  were  same 
as  predicted  by  Mendeleev.  They  have  been  named  as  Scandium  (Eka-Boron), 
Gallium  (Eka-Aluminium)  and  Germanium  (Eka-Silicon). 


.  V, 


the  elements  of  that  group. 


HOW  i  Group  1  i  Group  II 


MENDELEEV'S  TABLE 

j  GrouP  !  Gr°uP  i  Gr°uP  j  Group  VI  |  Group  VII  Group  VII! 


Discrepancies  (Defects)  of  Mendeleev's  Periodic  Table: 

i.  There  are  some  pairs  of  elements  i.e.  elements  of  higher  atomic  masses  placed 

before  elements  of  lower  masses  i.e.  > 

a)  Argon  (40)  placed  before  Potassium  (39). 

b)  Tellurium  (127.5)  placed  before  Iodine  (127). 

ii.  This  table  does  not  give  any  indication  about  the  position  of  isotopes. 

iii.  Mendeleev’s  table  does  not  give  any  idea  of  the  structure  of  atoms. 

iv. , Dissimilar  elements  placed  in  the  same  group  i.e.  Alkali  metals  (Li.  Na,  K)  were 

placed  with  coinage  metals  (Cu,  Ag,  Au) 

v.  Lanthanides  and  Actinides  were  assigned  the  same  place  in  the  periodic  table 
which  goes  against  the  periodic  law. 

vL  The  change  in  the  atomic  masses  of  two  successive  elements ’is  not  constant. 
Hence,  it  is  not  possible  to  predict  the  number  of  missing  elements  by  knowing  the 
atomic  masses  of  two  known  elements. 

Conclusion: 

On  the  basis  of  the  above  discussion,  we  can  conclude  that  the  classification  of 
elements  on  the  basis  of  atomic  masses  was  not  correct.  In  other  words,  atomic  mass  is 
not  a  fundamental  property7  of  an  element.  ? 


S 


6 ■  MODERN  PERIODIC  LAW: 


g  of^numb™"™  bylSTlhis  ^  afer  the 

j=  Mendeleev's  periodic  Table:  “  }  “  This  law  removed  the  defects  in 

<  Statement: 

? 

f  Af,,;*;; . v "*  *■**.«„*  ««„iera.  •• 

§  -pen  £  ^  ^  properties  of  elements  depend 

I  PERIODS:  -  confignrauon  (electronic  arrangement). 

|  "The  horizontal  rotes  in  ,he  moier„  ^  ^ 

■  -  ~  S.TS  S;“‘  ^  t  «•  •'*—  n» . 

e  details  °f  seven  different  periods:  T  Long  Form,  .-oilowing  are  me 

l  1st  Period: 

I  Hydrogen  conia£,n^v  H’'-;''0rr  ,'!]  Helium  d-d, 

1  a““£^=^aiaas-ri--s 

Second  and  Third  Period: 

Present ^riod.  P-ods.  Tliere  are  eight  elements 

elec^omc  configuration,  The  elements  included  in  3CC°rJing  “  itS 

2  Penod:  iLi,  jBe,  »B.  »C,  »N,  i‘0.  »F.  »Ne 

3  Peri°d:  ”Na’  '=Mgr  isMu'SI,  fjp,  JJS,  “fCf,  J°Ar 

Fourth  and  Fifth  Period:  \ 

4*  Period:  ,  \ 

Which, ^bt'f  £ne°d  nSo“afde,t^Sr'?h4e  *  ^  out  of 

elements.  12  and  the  remaining  ten  are  called  Transition 

Normal  Elements:  ,0KL  Ca  a*  r 

Transition  Elements:  Sc  n  y  r  J'  T  ^  »Kr- 

rtk  "  ’  ~  ’  *V>  *Cr’  ^  »Co.  3Ni,  ,dCu,  Jc2n  ! 

5th  Period:  I 

?'  J  . 

and  ten^Semrats2!50  3  l0“8  Peri°d'  *  consists  of  eight  normal  elements  ' 

Normal  Elements:  „  Rb.  Sr  t«  c  \ 

Transition  Elements:  y  2?  Nb'’  n0*~T  p  ?  52  U*  ■  »J*  *Xe  : 

"s  ’  iC^r’ g)Nb;  -Mo«  «Tc.  Jlu,  „Rh.  4,PdT  ,,Ag.  4>Cd  5 
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6th  Period: 


The  sixth  period  is  the  longest  period  and  it  consists  of  32  elements.  It  consists  of 
eight  normal  elements,  ten  outer  transition  elements  and  fourteen  inner  transition 
elements  (Lanthanides  or  Rare  Earth  Metals'). 

Normal  tlemencs:  55  Cs,  ^Ba,  Rl  fi.  ,2Pb,  S3Bi.  ^Po,  g?  At,  w,Rn 

Outer  Transition:  ^La.  7,Hf,  7,Ta,  74W,  7JRe,  760s,  „Ir,  7„Pt,  79Au,  g0Hg 

inner  Transition  (Lanthanides): 

J9Pr,  wNd;61Prr.,  e:Sm,  ^Eu,  wGd,  fi}Tb,  66Dy;  67Ho,  ,*E>;,  69Tm,  70Yb;  ,,Lu 

7th  Period: 

The  seventh  period  is  incomplete.  It  contains  two  elements  as  normal  elements 
which  fourteen  inner  transition  elements  are  called  Actinides.  Actinides  are  radioactive 
elements.  Some  of  them  have  been  pr^ared  artificially. 

Normal  Element:  s7Fr,  8kRa. 

Outer  Transition:  89  Ac,  lwUnq,  10<Unp,  106Unh,  107Uns,  10KUno.  1c<iUne  ,nolJnu 

Inner  Transition  (Actinides): 

wTh,  „Pa,  .;U,  SJNp,  ^Pu,  wAm,  %Cm  !7Bk,  9k.Cf,  WE,  10oFra,  iP1Md.  10;No,  iaJLr 


Number  of  period 

No  of  elements 

Starts  from 

Ends  at 

s  * 
i 

i 

Hydrogen  (H) 

Helium  (He) 

-jnc 

i 

8 

Lithium  (Li) 

Neon  (Ne) 

1  3rd 

! 

S 

Sodium  (Na) 

Argon  (Ar) 

j  4,n  |  18 

Potassium  (K) 

r  Krypton.  (Kr) 

j  5th  |  is 

Rubidium  (Rb) 

Xenon  (Xe) 

!  6* 

1 

32 

Cesium  (Cs) 

_  Radon  (Rn) 

;  7  th 

24  - 

Francium  (Fr) 

GROUPS: 

"The  vertical  columns  in  the  periodic  table  are  called  Groups.  ” 

The  group  number  shows  the  number  of  electrons  ir.  the  valence  shell.  Element 
with  similar  outer  electronic  configuration-  show  similar  properties  and  are  placed  in  the 
same  group.  Group  number  is  alsG  called  valence  number. 

The  periodic  table  consists  of  eight  Groups.  They  are  further  sub-divided  into  two 
sub-groups.  Normal  (representative)  elements  are  kept  m  “A"  sub-group  and  Transition 
elements  in  '‘B"  sub-group. 
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No n -to eta] s  I  He 


*7 

Fr  I  R* 
213  1226.1 


“LANTHAN1D  ESr 
“ACTINIDES” 


25  26 

Mb  Fe 
54.93  £5^3 


45  1  46 
Rt  [  Pd 
102.9  U  05.7 


75  7fi  77 

R*  Ot  Jr 

18&J  190,2  S93.1 

lt4  j  105  j  10*  107  108  109  llff 
Log  |  L'cp  |  tlafa  t'ru  Uae  Une  Unn 

57  58  59  £0  61  62  fiT 

L*  Ce  Pr  -Nd  Pm  Sra  E«i 

ill8-9  14°-1  140^ U6  jistL4  jt? n 


31.0  (32.00;  353  |  40JI 


?b 


89  I  «  $n 

Ac  Th  P«  J 
227  232UL23i  I 


65', 

66- 

T 67 

nr 

69 

r 

Tb 

»>y 

Ho 

Ttn  ! 

159.2 

162J 

7t64.9{l67.2 

16*  jl 

ir 

97' 

98 

1  W 

{  160 

rnn 

Bk 

cr 

E* 

L.Fid  , 

MU  [ 

247.1 

252.1 

{452.1 

l“*J; 

l3W.l1 

2j 

70  «  71 
Vb  \  Ui 


- r  -  **  r-virvdii  net ais  t  Lithium  Family): 

SuSFC0I,SlStS  0f„Lithium-  Sodium,  Potassium;  Rubidium.  - 

Cesium  and  Francium,  called  the  Alkali  Metals.--  '  ,U 

dement5  ^  **  “d  ^  reactive  Francmm  is.-radioactive 

2.  They  contain  only  one  electron  in  their  outermost  shell  .4K 

3‘  n,000Va,en'  0r  Univaiem  ions)  by  loss. of  TrT 

4.  They  form  ionic  compounds.  ,  Cs 

5.  Reactivity  (Metallic  character)  increases. in  the  group  from  top  to  bottom  i  \ 

but  ionization  potential  decreases.  •  .  •  p  ora  |  £ hr 

Note:  Alkali  is  an  .Arabic  word  which  means;"asbes".  Compounds  of  these  metals  were 
b tamed  from  wood  ashes  and  they  form  water  soluble  bases  (Alkalies). 


Mhop  #  6.  BS4/1,  Asif  Centre,. 

'  u'  Area;  Block-1.  Near  Usman 

nr,T,°,rial  H°sPlta|.  Karachi  . 
0315-5290802  /  0321-2622759  , 
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-  IX -Chemistry,  Chapter#  4,  Page#  10 

Group  il-A  The  Alkaline  Earth  Metals  (Beiyliium  Family): 

This  group  consists  of  Beryllium,  Magnesium.  Calcium,  Strontium, 

B  arium  and  Radium,  called' the  Alkaline  Earth  Metals. 

1.  They  are  light,  hard  and  moderately  reactive  metals.  Radium  is 


2.  They  contain  two  electrons  in  their  outermost  shell,  : 

3.  They  form  divalent  cations  (+ve  ions)  by  loss  of  two  electrons. 

4.  They  form  ionic  compounds.  . 

5.  Reactivity  (Metallic  character)  increases  m  the  group  from  top'to  bottom 

but  ionization  potential  decreases,  «  ~  . 

Note:  These  elements  are.  found  as  minerals.  Their  silicates,  oxides  and 
hydroxides  are  strongly  basic.  Therefore  these  elements  are 
called  Alkaline  Earth  Metals. 

Group  III-A  The  Boron  Family: 

V  This  group  consists  of  Boron,  Aluminium,  Gallium,  Indium  and 
Thallium  called  Boron- family.  '• 

1.  They  contain  three  electrons  in  their  outermost  shell.  They  are  trivalent. 

.  •  * 

2.  They  are  also  reactive  chemically  and  are  highly  electropositive. 

3.  They  form  covalent  bonds  like  non  metals  due  to  small  size, -high  charge 
and  large  values  of  ionization  potential. 

4.  Reactivity  (Metallic  character)  increases  in  the  group  from  top  to  bottom 
but  ionization  potential  decreases. 

Note:  Boron  is  metalloid,  while  the  other  members,  of  this  group  are  metals. 

Group  IV- A  The  Carbon  Family: 

This  group  consists  of  Carbon,  Silicon,  Germanium,  Tin  (Stannum), 

Lead  (Plumbum)  called  Carbon  family. 

1.  They  contain  ''four  electrons  in  their  outermost  shell.  They  are 
teuavalent.  . 

2.  They  show  non-metallic  characteristics. 

3.  Carbon  and  Silicon  form  covalent  bonds  only  by  sharing  their  four 
electrons.  Tin  and  Lead  form  ionic  bonds  by  losing  their  electrons  from 
the  valence  shell. 

4.  Electronegativity  decreases  in  the  group  from  top  to  bottom  (C  to  Pb). 

Note:  Carbon  is  a  non  metal:  Silicon  is  metalloid,  while  the  other  members  of  this 
.group  are  metals.  Carbon  has  two  ailotropes.  (Different  forms  of  an  element 
having  same  chemical  properties  and  different  physical  properties  due  to  different 
structures  are  called  Ailotropes  and  the  phenomenon  is  called  Allotropy. 


6C 
14Si 
32Ge 
50  Sn 
i:Pb 


■iA< 


3iGa 


„In 


20  Ca  . 
38  Sr 

56  Ba 

8BRa- 
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Group  V-A  The  Nitrogen  Family: 


'  ?iS  ofNitr°Sen’  Phosphorus.  Arsenic.  Antimonv  and 

bismuth  called  the  Nitrogen  family.  '  — ^ — 

L  They  contain  r1ve  electrons  in  their  outermost  shell.  They  require  three  — — 

2.  rhey  are  trivalent.  - - 

3.  They  form  covalent  compounds  due  to  small  atomic  size  and  lar*e  mAS 
ionization  potential.  Antimony  (Sb)  and  Bismuth  (Bi)  fo'rm  ionic  bond 

only  and  lorm  Sb  and  BiJ  cations  (-fve  ions).  51 

4.  They  have  high  ionization  potentials  and  high  electronegativity.  I.P.  and  0Bi 

b.N.  decrease  down  the  group.  _ 

Note.  Except  Nitrogen,  all  exist  in  more  than  one  allotropic  forms.  Nitrogen  and 

osphorus  are  non  metals;  Arsenic  is  metalloid  while  Antimony  and  Bismuth 
are  metals. 


Group  VI -A  The  Oxygen  Family: 


'  21.5ed-rL^Tan°[yOXygen’  ^  Tdlurium  “d 

1.  They  contain  six  electrons  in  .their  outermost  shell.  They  require  two  - - — 

electrons  to  complete  their  valence  shell. 

2.  They  form  divalent  anions  (-ve  ions)  by  gain  of  two  electrons. 

3.  They  form- ionic  compounds  when  they  react  with  metals  while  thev  - r - 

rorm  covalent  compounds  when  they  react  with  non  metals.  ' 

4*  haVe  hi2h  ionization  potentials  and  high  electronegativity  1  P  and  -Te 

E.N.  aecrease  down  the  group.  '  - 

Nore;  Oxygen.  Sulphur  and  Selenium  are  non-metals,  Tellurium  is  sjP° 

'  metalloid  and  Pojomum  (Po)  is  radioactive  element. 


Group  VIl-A  The  Halogen  Family: 


This  group  consists  of  Fluorine,  Chlorine,  Bromine,  Iodine  and  - 7— l 

Astatine,  called  the  Halogen  family  (Halogen  means  salt-former).  °F 

1  -  They  contain  seven  electrons  in  their  outermost  shell  and  require  only  l7C£ 
one  electron  to  complete  their  valence  shell.  '  - 

~  rnCVaiS-  5lions,  ('ve,  ions)  *>y  ga«  of  one  electron  to  - 

p.oduce  handc  ion  (X  )  F  ,  Cl  Br  I5~.  tI 

3.  They  are  found  as  diatomic  molecule.  - 

4-  i0niC  COmPound5  when  they  react  with  metals  while  they  Li±_ 

rorm  covalent  compounds  when  they  react  with  non  metals.  3 

o.  They  are  very  active  non-metals  so  they  cannot  exist  in  Free  State. 

'  *e  "omtuinntrSVe  ^  leases  in 
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Note:  Fluorine  and  Chlorine  are  gases;  Bromine  is  liquid  while  Iodine  and  Astatine 
are  solid.  Astatine  is  radioactive  element.  Fluorine  has  the  highest  value  of 
E.N.  i.e  4.0.  . 

Grotto  VHWTero^  The  Noble  Gases: 


This  group  consists  of  Helium.  Neon.  Argon.  Krypton.  Xenon  and 
Radon,  called  the  Noble  (Inert)  gases.  They  are  also  called  Zero  Group. 

1.  Their  outermost  shells  are  completely  filled  so  they  are  stable  and  non¬ 
reactive  (inert)  chemically. 

2.  They  are  highly  stable  so  they  do  not  form  their  compounds. 

3.  They  are  monoatomic  gases  with  low  boiling  points. 

4.  All  Noble  gases  are  present  in  the  atmosphere  e.g.  .Argon  is  present  to  the 
extent  of  1%  in  the  atmosphere  by  volume.  Radon  is  radioactive. 

TYPES  OF  ELEMENTS: 

1 .  NOBLE  (INERT)  ELEMENTS: 

The  elements  which  have  completely  filled  valence  shells  are  called  Noble  (Inert)  ’ 
elements.  They  have  been  placed  in  group  VIII  (0)  in  the  modem  periodic  table. 

e.g.  He,  Ne,  Ar,  Kr,  Xe  and  Rn. 

2.  REPRESENTATIVE  (NORMAL)  ELEMENTS: 

The  elements  which  have  incomplete  valence  shells  are  called  representative 
(Normal)  elements.  They  have  been  placed  in  groups  IA  to  VT1A  in  the  modem  periodic 
table 

e.g.  H.  Li,  Na.  F.  Cl,  etc. 

They  have  incomplete  inner  electron  shells  and  are  characterized  by  their  variable^ 
valencies  and  show  similar  behaviours. 

3.  TRANSITION  ELEMENTS: 

'  Sr 

The  elements  which  have  incomplete  valence1  as  -well  as  penultimate  shells  are 
called  transition  elements.  They  have  been  placed  in  groups  IHB  to  IIB  in  the  modem' 
periodic  table.  Following  are  the  properties  of  transition  elements: 

1.  They  show  variable  valencies.  (Qf .  Qr‘.  Fe'~  ,  Fe'A  etc). 

2.  Their  solutions  are  coloured  in  nature.  (CuSCL  Blue,  Fe5G-  Light  green) 


-,He 


,Ne 


.Ar 


.Kr 


,,Xe 


3. 

4. 


All  transition  elements  are  meials.  in  which  the  bonds  between 
strong  and  they  have  high  melting  points. 


They  form  complex  compounds. 


me 


sums  are  very 


5.  The  outer  transition  elements  are  also  called  deblock  elements.  They  have 
incomplete  penultimate  shell  as  well  as  incomplete  valence  shell. 
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I  6-  ?*  transition  tlcmcms  «  a)s0 

S  incomplete  inner  shell  and  valence  shell  This  /Zemen“'  ^  have 

8  ««*  elements:  Lanthanides  and  Ac, hides';  ^  “  W°  Senes  of  ™« 

<  ’  r  _ 

H  I  Elements  1 


Reprasantative 

- aemenk 

'k 

s  and  p  block 
elements 


Noble 
Elements  1 


|  Outer  Transition 

■ - Elempntc 

d-block  element 


Transition 

__Elements 


_  T 

Inner  Transition 

- Elements 

_  f-blocW  element 


(^Lanthanides  I  nr—  .  . — r 

Some  Sbu!™4  NON-METAU  METAltO,D5  IN  TNE 
Metals:  | - - - j— 

*e  «ODOre  of  'l«*ons.  TTiey  are  also  L  N  °  '  m  6 1 3 ' S  £ 

called  reducing  agents.  .  ggag"  6  7  8  9 - 5T“ 

Properties  of  Metals:  §|S  c  N  o  ?  Ne 

.  .  BoB1101  1  16.00  1D.O0  20.1 

,  ^etalsar=  good  conducjors  of  heat  and  electricity  ”£»*  15  '<■  n  ~iT1 

"  ^of™4Uons  (+ve  ions)  bscause  *ey  -  kr JfUjAA  a. 

3.  They  form  basic  oxides.  c»  |  c.  fUgf  £ 

They  have  shiny  surfaces  Pustrel  7®-96 !  ««  a.1.70  I 

5.  7Je>*  have  less  values  of  their  electronegativities.  £  s”  lTBS~ir  * 

7*  3re  (i.e.  can  be  spread  out  into  sheets').  »»<•*  n«.?j  121.6  fill  127.0  uYo 

7.  They  are  ductile  (i.e.  they  can  be  drawn  into  wires).  ,1 

p  •  ^  :  T!  rb  I  bi  po  {^n 

“osition  of  Metals:  i3M-4  MT-jhw.o.j  210  jaajp  222 

:  . 

-  Below  tne  shaded  pan  (staircase)  in  the  periodic  table;  all  elements  are  merals. 

Non  Metals: 

Pro  J"C-  !“CCeP,°rS  °f  eleCtr0nS-  ”*  «“*  oxidizing  agents. 

Properties  of  Non-Metals: 

t  ^ 

4-  They  have  dull  surfaces. 

6  Solid  IT  higl|  ValUv.  °f  th'lr  '““^negativities. 

0.  bolid  non  metals  are  brittle.  <£>  $■  <$no> 

1 *  M°st  of  them  are  gases.  ®  <£-° ^ 
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Z  Position  of  Non-Metals: 

z  1.  ’Majoriw  of  elements  of  p-block  in  groups  III- A,  IV- A,  V-A,  VI- A  and  VII-A  are 
u  non  metals. 

|  ^  •'  »Vi<»  rVi'irtoH  t r-i  Pf.'i  m  rhe  nerinH.ic  T^ble.  all  elements  are  non  metals. 

%  METALLOIDS: 

“■  The  elements  which  show  the  properties  of  both  metals  and  non  metals  are  called 

3  Metalloids. 

- 

i  j=j  They  form  amphoteric  oxides  (acidic  as  well  as  basic). 

§  Position  of  Metalloids:  •- 

o  The  elements  in  the  shaded  parts  (staircase)  in  periodic  table,  are  metalloids. 

£  i)  Boron  (B)  in  HI-A  ii)  Silicon  (Si)  in  IV-A  iii)  Arsenic  (As)  in  V-A 

h  „  iv)  Tellurium  (Te)  in  Vl-A  v)  Astatine  (At)  in  VII-A 

g  SPECIFIC  PHYSICAL  PROPERTIES  OF  ATOM: 

z 

2  1)  ATOMIC  RADIUS: 

a  “Half  of  the  distance  between  the  nuclei  of  rtt >o  adjacent  atoms  of  an  element 

<  is  called  Atomic  Radius.”  * _ •  - - - 


1 

1 

1 

1 

1 

1 

1 

t 

1 

1 

f 

'  Atomic 
i  Radius 
i 

1 

1 

I 

l 

Unit  of  Measurement: 

It  is  measured  in  Angstrom  Unit.  It  is 
represented  by  A0. 

1A°=  10‘l0m  OR  1  A0  =  1 0"scm 


i)  Group  Trend:  1 - -  '  ’ 

Atomic  radius  increases  downward  in  a  group  due  to  increase  in  the  number  of 
shells  (new  shells)  and  the  power  of  the  nucleus  to  attract  electrons  decreases. 

^  S 

1.12  g 

Mg  g 

136  =• 

Ca  > 

1.97  O 

-  I' 

Ba  1 

12L  J  *  5 

ii)  Periodic  Trend:  .  ,  . 

Atomic  radius  decreases  from  left  to  right  in  a  period  due  to  increase  m  nuclear 
charge  (number  of  protons)  in  the  nucleus  which  increases  the  force  ci  attraction  on 
electron.  As  a  result  the  size  of  the  atom  reduces.  - - - — — , 


se  in  Atomic  Radius 


PRACTICAL  CENTRE 

B-14,  BLOCK-1,  GULSHAN-E-IQBAL  KARACHI.  34976530-34812547-34984762 


62 


0 


2)  !°n,zation  energy  (I.E;  or 

^zz°^:xidzzove  *an?*.  ^  ** »/.» 

U  nit  of  Measurement*.  u^on  energy  or  Ionization  potential. " 

Itis“^ 

-*  --P  iiciiu; 

».  •ttS’&SSXzz a—  "  ■ *"» » <— » 

decreases.  1  1JJ  Md  *e  Power  of  lhe  nucleus  to  attract  the  electrons 

")  Periodic  Trend: 

increase  in  nuclei  chSe^n^mbw  of  prote^l”  fj™1  '“f  “  “  a  P01'0^  due  to 

attraction  on  electrons.  ~  P  “  m  the  nucIeus  which  increases  the  force  of 

3>  ELECTRON  AFFINITY: 

an  a,om in tht$^^^bta^a^^^i^lorpeoH  (sain>  °fe,earon  br 

Unit  of  Measurement:  ? 

FW  11  !5™casured  m  KJ/mol  or  electron  volt  (ev/atom). 

I  "Electron  A^of  “  negative.‘-e'  is  released 

!  overootnes  the  repu.sion  between  den^eTnld'^  “W 


0(E)  + 

o-  + 

Group  Trend: 


0“ 

0:~ 


E.A  =-142  KJ/mol 
E-A  =  +780  KJ/mol 


(Exothermic) 

(Endothermic) 


number  of  shells  (new  shell^nd^the^ower  of  the  nucf  m  &  gr°Up  dUe  l°  increase  in  lhe 
Fluorine  (F)  shows  low  electrnr  ^  l°  attracI  1116  electrons  decreases. 

11  does  not  accept  elerrrnn  ^e;i„  1  ecause  due  to  its  very  small  atomic  size 


S 


Periodic  Trend: 

nuclear  charge  (nuobe/of  protonsf indit^’  ^  10  ^  in  3  p£noi  due  10  increase  in 
on  electrons.  Pr°l0DS)  m  1115  Ducte  ^h  increases  tire  force  of  attraction 


E 


4)  ELECTRONEGATIVITY: 


lowards  itself  is  LlledElecxronel *°  *  Shared  Pair  °f  electrons 

Unit  of  Measurement: 
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-  '  IX-Chemistry,  Chapter#  4,  Page#  16 

Group  Trend: 

Electronegativity  (E.N.)  decreases  downward  in  a  group  due  to  increase  in  the 
number  of  shells  (new  shell)  and  the  power  of  the  nucleus  to  attract  the  electrons 

decreases. 

Periodic  it  end: 

Electronegativity  (E.N.)  increases  from  left  to  right  in  a  period,  due  to  increase  in 
nuclear  charge  (number  of  protons)  in  the  nucleus  which  increases  the  force  of  attraction 

on  electrons. 

Note:  Fluorine  (F)  has  the  highest  E.N.  (4.0)  while  Cesium  (Cs)  has  the  lowest  E.N. 

(0.6) 


1. 

i) 

tt) 

Hi) 

tv) 

v) 

vi) 


EXERCISE 

Fill  in  the  blanks: 

The  rule  of  triads  was  introduced  by 


The  repetition  of  properties  after  regular  intervals  is  called 
The  longest  period  is  _ _ _  period  and  contains 


V 


elements. 


The  elements  which  contain  both  metallic  and  non-metallic  characteristics  are 
called _ _• 

_ _  periods. 


The  long  form  of  periodic  table  contains 


.  groups  and 


According  to  Mendeleev,  the  properties  of  the  elements  are  the  periodic  functions 
of  their _ _ • 


I  j 

Dobereiner 

ii 

Periodicity-  - 

iii  .  1  6a  ,  32  1 

. — - L 

Iv  | 

Metalloids 

v 

8,7  • 

vi  j  Atomic  weight  | 

2.  Tick  True  OR  False  in  the  following  statements: 

i)  Mendeleev  put  forward  his  periodic  law  in  1 856. 

ii)  The  first  period  contains  two  elements,  Hydrogen  and  Helium. 

iii)  The  longest  period  in  die  periodic  table  is  7W  period, 
jv)  Landianides  and  Actinides  are  d-block  elements. 

v)  Down  the  group,  electronegativity  increasesswith  increasing  atomic  number. 

vi)  The  law  of  octaves  was  introduced  by  John  Newlands. 

vii)  ’Li,  ~Na  and  39K  form  a  triad. 


z 

o 

tO 

to 

IU 

to 

E 

UJ 

sr 

t- 

Z 

LU 

U 

< 

y 

H* 

O 

< 

E 

a. 

0 


ANSWERS:  .  (i)  F.  (H)T.  (iii)  F. 

(v)  F.  (vi)  T.  (vii)  T. 

Pick  up  the  correct  answer:  (Multiple  Choice  Questions): 

Mendeleev’s  periodic  table  contained  - periods. 

(7,8.  12,  10) 

The  incomplete  period  in  the  periodic  table  is  - - • 

(7,6,3  1) 

The  most  reactive  metal  is  _ _ • 

(Na.  Cu,  Fe,  Ca) 

The  only  liquid  metal  is _ • 

(Molybdenum,  Gold.  Mercury,  Bromine) 


(iv)  F. 


3. 

i) 

ii) 

iii) 

iv) 
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v)  LotIiar  Meyer’s  curve  included  about  _ _ 

(Thirty',  forty,  fifty  six,  sixty  two) 

vi)  To  which  family  does  Ga  Belong? 

■(Boron,  Carbon,  Nitrogen, .Fluorine) 
''ll)  The  elements  of  VII- A  group  are  known  as 
(Halogens,  Lanthanides.  Actinides) 


elements. 


v5»n  ’in-r-u  r  ,  .  _ 

a)  K,  Cr 
c)  F,C1 

ANSWER:  (i)  12. 

(v)  Fifty*  six. 


b)  Cu,  Ca 
d)  N,  0 

(ii)  ". 

(vi)  Boron. 


(ili)  Na. 

(vii)  Halogens. 


(iv)  Mercury', 
(viii)  F,  CL 


Write  answer  to  the  following  questions: 

Define  the  following: 

a)  Dobereiner  s  rule  of  triad  (Answer  on  page  #  3) 

b\  wn,°dlCIty .  (Answer  on  page #  5) 

c)  o  em  periodic  law  (Answer  on  page  #  7) 

d)  Electronegativity  (Answer  on  page  #  15)  * 


ANSWER: . 

Its  electronic  configuration  is  K*L5.  It  means  that, 

^  Ils  name  is  Nitrogen  (atomic  number  7  =  K2L5)  •» 

-  Its  group  number  is  V-A  (outer  shell  contain  five  electrons) 

**  Its  Peri°d  is  ~nc  (contain  onlv  two  shells) 

(Answer  on  page  #  5  and  6)  \ 

iv)  Explain  Newland's  lawf  of  Octavec  iimuA-Jtv  i 

the  classification  of  the  elements?  ’  *'S  ^  Pr0?,lde  45  Iarger  SC0Pe  for 

(Answer  on  page  £  4)  . 

v)  Which  pair  of  el ements  is  chemi  cally  similar? 

(a)  K,  Cr  (b)  Cu.  Ca  (c )F.  Cl  (d)  R.  O 

V0  «nT  UI“  ^  IOng  '-able?  Explain  some  of  ta 

(Answer  on  page  #  7) 

>«.. ««.  ,s.,a  ^ 

Following  are  some  physical  properties  of  elements  which  exhibit  periodicity. 

-  P  PA  G  T  TC  A  ^■'dErlN'T  ]R  JR 
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^  a)  Similar  Properties: 

I  The  elements  in  a  sroup  show  similar  properties  due  to  their  similar  electronic 

UJ 

u  conti  Eurations. 

— 1  "  • . 

u  •  7  Gradation; 

|  A  regular  gradation  in  physical  and  chemical  properties  ol  elements  m  a  group  ia 

“■  observed  due  to  gradual  change  in  their  electronegativities  and  atomic  sizes. 

E 

£  c)  Size  of  Atom  (Atomic  Radius): 

S  The  atomic  radius  increases  downward  in  the  group  with  increase  in  the  number 

®  of  shells  (new  shell). 

Z  .  * 


d)  Metallic  Character:  . 

Metallic  character  (electro-positivity)  increases  downward  in  the  group  with 
increase  in  atomic  size.  Cesium  is  the  most  electropositive  and  LnSum  the  least  among 


g  alkali  metals. 

o  e)  Electronegativity: 

<  Electronegativity  decreases  downward  in  the  group  with  increase  in  atomic  size. 

Fluorine  is  the  most  electronegative  and  Iodine  the  least  among  halogens. 

0  •  . 

^  f)  Ionization  Energy: 

2  Ionization  energy  decreases  downward  in  the  group  with  increase  in  atomic  size. 

o 

Z  Viii)  Elements  having  eight  valence  electrons  are  known  as: 

2  (a)  Sobie  or  inert  gases  (h)  Halogens 

H  (c)  Nitrogen  family  (d)  Transition  elements 

S  ix)  How  does  the  modem  periodic  law  differ  from  Mendeleev's  periodic  law? 
|  Explain  clearly  groups  and  periods  in  the  modem  periodic  table. 

u  •  _ 

<  (Answer  on  page  #  6  and  7) 

y 

o  \Vhai  do  you  understand  by  representative  and  transition  elements? 

d 

(Answer  on  page  #12)  , _ 

a  ?'  S  j  g 

5:  xi)  Discuss  the  following  physical  properties  of  the  elements.  ^  |  |  S 

2  (a)  Atomic  Radius  (Answer  on  page  #  14) 


(a)  Atomic  Radius 

(b)  Ionization  energy 

(c)  Electron  affinity 

(d)  Electronegativity 


(Answer  on  page  #14) 
(Answer  on  page  #  15) 
(Answer  on  page  #15) 


t —  oT  2 _ <=*> 

CO  *  £  jz  to 
c=>  c  °>  « 

ze  u  «  a 

H*—  ■*.  «  cvj 

°<3  <t  n  *-* 
CO  ~  2 

; — •  Tf  w 

•S  w  g  o  £ 

-«=—  m  •-  I  o 

S  -  £ 
»  -.2  5 

25  *  2  s  ? 

ZS  °  £  12 

i£wm‘5S 
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CHEMICAL  BONDING 


IX-Chemistry,  Chapter#  5,  Page#  3 


elenJllT^^cZ^^  ~  —  «*“»'  »/*«  -  different 

^JSS.^tSZESZr-  ***»"  * 

Reason  for  Bonding  (Formation  of  Chemical  Bond): 

filled  bm'rest  o?*e  de^-?ES  ^  ^  haVe  *eir  omennost  *WI*  comptadv 

SSaSBondi^g  C°mP  ^  SbdlS'  ™S  n“'5si* 

<»° -  *** 

(1)  Lose  electrons.  (2)  Gain  electrons.  (3)  Share  electrons. 

Types  of  the  Chemical  Bond: 

There  are  two  main  types  of  chemical  bonds: 

(1)  Ionic  bond  (2)  Covalent  bond 

IONIC  BOND  OR  ELECTRO  VALENT  BOND* 

OR 

— - * 

Explanation: 

o?th“ir\““Cari^saZ no™'’  '"rt  b°^  ^  f°™ed-  Mc!aIs  h-e  1«  value 

equal  to  U° 

J&J53- she11-  * a  « 

^orce  ot" 

Example  #  1:  Formation  of  Sodium  chloride  (NaCi) 

Sodium  has  one  electron  in  its  valenc®  chf»ll 
(sodium  ion)  is  formed  Chlorine  atnm  w  "  ,  S°*  1  0ses  one  eiectron  *nd  Na" 

picks  the  electron  Zq-TZh  t  “  electrDns  “  its  valence  “ell.  Sc,  it 
electrons  in  then  outermost  shells.  “  0rme<L  *"  *IS  way’  both  ions  2C£luire  eiSht 
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Na 

(K-LV) 
Cl  +  e“ 

rv-  T  8\  ,f7-\ 

NV  +  Cl ' 


Na+  + 
(K2L8) 

cr 

rv- t 

NaCl 


0. 


These  oppositely  charged  ions  are  held  together  by  electrostatic  force  of 
attraction.  In  this  way.  Sodium  chloride  salt  is  formed. 


Example  #  2:  Formation  of  Magnesium  oxide  (MgO) 

Magnesium  has  two  electrons  in  its  valence  shell.  So,  it  loses  two  electrons  and 
Mg'"  (magnesium  ion)  is  formed  while  Oxygen  atom  has  six  electrons  in  its  valence 
shell.  So  it  picks  the  electrons  and  O2-  (oxide  ion)  is  formed.  In  this  way,  both  ions 
acquire  eight  electrons  in  their  outermost  shells. 

Mg  - ►  2e~  +  Mg*"  (magnesium  ion) 

(K2Lb) 

o2- 


(K2LeM2) 

O  +  2e~ 
(K^L6)  • 


Mg2+  +  O 


2- 


(K'L ) 
MgO 


(oxide  ion) 
(magnesium  oxide) 


Tnese  oppositely  charged  ions  are  held  together  by  electrostatic  force  of  attraction. 
In  this  way,  Magnesium  oxide  is  formed. 


Note:  If  the  difference  of  E.N.  between  the  bonded  atoms  is  1.7  or  more,  the 
bond  is  ionic  bond. 
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■  •  -•••  V  -  IX-Chemistry,  Chapter#  5,  Page#  5 

Properties  of  Ionic  Compounds: 

1.  Ionic  compounds  are  made  up  of  oppositely  charged  ions  with  the  stronaest  bonding 
xorce,  that  is  why  they  are  crystalline  solids.  ~  -  e 

They  ^ave  high  meltins  and  boiling  points 

l  Sly " “a“n,rler 0,0131  bm  ”S°Iubk  ”  n°D-Polar ' 

^n“to“e  lons’ bm  *ey  “• bad 

Effect  of  Ionization  Energy  on  Ionic  Bond: 

^enc7shkelZ°aU"‘°{  T™  W''‘Ch  *  “  remOW  e^ectron(sJ  from  the 

ence  shell  of  a  metal  atom  in  gaseous  state  is  called  ionization  energy. " 

more'^ilftf ?o™  r  rd  “hA  haVC '°W  ionizatioD  energies  so  they  lose  electron(s) 
more  easily  to  form  Cations.  Hence,  these  metals  have  the  strongest  tendency  to  frrm 
ionic  bonds  with  other  elements  (non-metais).  strongest  tendency  to  form 

Effect  of  Electronegativity  on  Ionic  Bond: 

“The  tendency  of  an  atom  to  attract  electrons  is  called  electronegativity •  * 

flecT„^0fmrUP  ^  ^  h3Ve  hiSh  vaIues  of  electronegativity.  Thev  gain 

tendency  to  fnZ  —  *  u  lo  foTm-4mons-  Hence,  these  non-metals  have  the  strongest 
tendency  to  form  ionic  bonds  with  other  elements  (metals) 

THE  COVALENT  BOND: 

Covalent  Bond. b°nd  fonned  *-v  the  mutual  sharing  of  electrons  is  called 

G.  N.  TUrtt*  °f  eleCtr0n  pair  b0nd  (covalent  bond)  "-as  first  introduced  in  1916  by 

Explanation: 

It  is  g=tXrennres0=med  *  mUtUal  Sha™g  °f  e,ecIrons  beween  non-metals. 

Example: 

atoms  of Hy“rog™  C°ibon  ^HvHarb°n  f0Ur  singIe  Covalenl  bonds  with  *»* 

>  gCn-  Carbon  21,13  Hydrogen  atoms  get  their  outer  most  shells  filled. 


+  4H 


H 


H 

X 

C  -  xH 

X 

H 


Note: 

x  =*  Electrons  of  Hydrogen 
•  =  Electrons  of  Carbon 
■x  or  (— )  =  Covalent  Bond 


H 


+  4  H 


CL 


or 


H  -  C  -H 


H 
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TXPES  OF  COVALENT  BOND: 

*”*■  *  There  are  three  types  of  covalent  bonds: 

(1)  Single  covalent  bond  (2)  Double  covalent  bond  (3)  Triple  covalent  bond 
nvtr.f'c  r-rvir^Vc-MT  Toxin. 

A  covalent  bond  which  is  formed  by  the  mutual  sharing  of  one  electron  pair  is 
called  single  covalent  bond.  It  is  denoted  by  single  short  line  (-). 
e.g.  H2 ,  F2 ,  Cl2 .  Br2 ,  12 ,  H20  ,  NH2 ,  CH* ,  C2 H*  (ethane),  etc. 

Example: 

When  two  atoms  of  Chlorine  combine  then  one  electron  pair  is  shared  between 
■them.  In  this  way.  each  atom  of  Chlorine  has  obtained  eight  electrons  in  its  outermost 
shell. 


•  • 

Cl- 

•cl;  — 

— -  :ci:cl 

•  • 

•  • 

•  •  »  • 

Cl 

+  ci  — 

1 

Q 

ij 

DOUBLE  COVALENT  BOND: 

A  covalent  bond  which  is  formed  by  the  mutual  sharing  of  two  electron  pairs  is 
called  double  covalent  bond.  It  is  denoted  by  two  short  lines  (=). 
e.g.  02 ,  C02 ,  C2H<  (ethene),  etc. 

Example  #  1 :  ■ 

When  two  atoms  of  Oxygen  combine,  then  two  electrons  each  are  shared  between 
them.  In  this  way,  each  atom  of  Oxygen  has  obtained  eight  electrons  in  its  outermost 
shell. 


•  ■  •• 

•  O*  +  «0  * 

•  •  •• 


••  •  • 

o::o 
•  •  •  • 


0+0  - 02 

Example  #  2: 

Ethene  is  an  organic  compound  which  is  formed  when  two  atoms  of  Carbon 
combine  then  two  electrons  each  are  shared  between  them  while  remaining  electrons  are 
shared  by  Hydrogen  atoms. 

j:c=c:" 

Vl  H 

TRIFLE  COVALENT  BOND: 

A  covalent  bond  which  is  formed  by  the  mutual  sharing  of  three  electron  pairs  is 
called  triple  covalent  bond.  It  is  denoted  by  three  short  lines  (  =  ). 
e.g.  N2 .  HCN  .  C2H2  (ethyne),  etc. 

Example  #  1 : 

When  two  atoms  of  Nitrogen  combine  then  three  electrons  each  are  shared 
between  them.  In  this  way,  each  atom  of  Nitrogen  has  obtained  eight  electrons  in  its 
outermost  shell. 

••  •• 

-N-  -N-  - ►  N— N 
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Example  #2: 

Ethvne  is  an  organic  compound  which  is  formed  when  two  atoms  of  Carbon 
combine  then  three  electrons  each  are  shared  between  them  while  remaining  electrons 
are  shared  by  Hydrogen  atoms. 

H  —  C  =  C—  H 

NATURE  OF  COVALENT  BOND: 

1)  Polar  covalent  bond  2)  Non-polar  covalent  bond 

POLAR  COVALENT  BOND: 

“The  covalent  bond  formed  by  the  mutual  and  unequal  sharing  of  electron 
between  the  different  atoms  of  non-metals  having  different  electro-negativities  is 
called  Polar  Covalent  Bond.  ” 

Example: 

Hx  +«a: - h  fci: 


In  case  of  Hydrogen  chloride, 

Chlorine  atom  is  more  electronegative 
than  Hydrogen  atom.  Hence,  the  shared 
pair  of  electrons  is  attracted  more  towards 
the  Chlorine  atom  and  Chlorine  atom 
attains  slightly  negative  charge  while 
Hydrogen  attains  slightly  positive  charge. 

That  is  why  HC1  is  a  polar  compound. 

(Note:  5  =  delta,  it  is  used  to  represent  slight  or  partial  charge) 

Explanation: 

When  a  covalent  bond  is  formed  between  two  dissimilar  atoms,  the  shared  pair  of 
electrons  is  always  attracted  more  towards  more  electronegative  atom.  Hence  that  atom 
attains  slightly  negative  charge  and  other  atom  attains  slightly  positive  charge.  These 
atoms  are  called  negative  pole  and  positive  pole  respectively.  Such  compounds  are 
Polar  Compounds  and  the  bonds  are  called  Polar  Bonds. 

Note:  If  the  difference  of  E.N.  between  the  bonded  atoms  is  between  0.4  to  1.7  the 
bond  is  polar  covalent  bond. 

e.g.  HC1,  H:0,  NH3  ,  HF.  etc. 

NON  POLAR  COVALENT  BOND: 

“The  covalent  bond  formed  by  the  mutual  and  equal  sharing  of  electron 
between  the  same  atoms  of  non-metals  is  called  Non-polar  Covalent  Bond.'' 

Explanation: 

When  a  covalent  bond  is  formed  between  two  similar  atoms,  the  shared  pair  of 
electrons  is  always  attracted  equally  between  the  nuclei  of  atoms.  Hence  that  molecule 
is  electrically  neutral  i.e.  without  any  pole  (charge)  and  such  substances  are  called  Pure 
Covalent  Molecules  or  non  polar-compounds. 
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Note:  If  the  difference  of  E.N.  between  the  bonded  atoms  is  0.0  to  0.4,  the  bond  is 
Non-polar  covalent  bond. 

e.g.  Hj  ,Cl2  Jir 2  J2  JV2  ,02  are  examples  of  pure  covalent  molecules  while  CH4 
, C2H6 , C2H4 , C2H 2  are  examples  of  non-polar  covalent  molecules. 

1.  Covalent  compounds  are  made  up  of  discrete  units  (molecules)  with  weak  inter 
molecular  forces. 

2.  They  have  low  melting  and  boiling  points  due  to  weak  Van  der  Wall’s  forces 
between  the  molecules. 

They  are  .insoluble  in  water  (polar  solvent)  but  soluble  in  non  polar  (organic) 
solvents  like  petrol,  spirit,  benzene,  ether,  carbon  tetrachloride  etc. 

4.  They  are  volatile. 

5.  They  are  non-electrolytes.  They  are  bad  conductors  or  insulators  because  they  do  not 
conduct  electricity. 

Dot  and  Cross  Models  and  Lewis  Formulae:  \ 

Models  and  formulae  are  used  to  express  covalent  bonding.  Sometimes,  with  the 
help  of  dot  and  cross,  sharing  of  electrons  is  represented.  Lewis  also  gave  a  method  to 
represent  the  sharing,  it  is  called  Lewis  formula. 


molecular  structure  of  few  substances 


METHOD  OF 
REPRESENTATION 


HYDROGEN 

CHLORIDE 


OXYGEN 


FORMULAE 


MOLECULAR  STRUCTURE 


H  -  Cl 


0  =  0 


DOT  AND  CROSS  MODEL 
or  LEWIS  FORMULA 


..A 

h;ci: 


o::o 


OCTET  RULE 


Hfx)ci; 


:o:te  . 
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DIFFERENCE  BETWEEN  IONIC  SC  COVALENT  COMPOUND 


IONIC  COMPOUND 

COVALENT  COMPOUND 

1.  Ionic  compounds  are  usually 
crystalline  solids,  hard  and 
brittle. 

1.  Covalent  compounds  exist  in  all  the 
three  states  i.e.  solid,  liquid  and  gas. 

»-  -  -  - - - ‘*r  JlC  JUlULriw  ill 

polar  solvent  like  water  but 
insoluble  in  non-polar  solvents 
(petrol,  kerosene  etc). 

i-  ^iivdicflt  compounos  are  msoiuoie 
in  polar  solvents  like  water  but 
soluble  in  non-polar  solvents 
(petrol,  kerosene  etc). 

3.  Ionic  compounds  have  high 
melting  and  boiling  points. 

3.  Covalent  compounds  have  low 
melting  and  boiling  points. 

4.  Ionic  compounds  are  non-volatile. 

4.  Covalent  compounds  are  mostly 
volatile. 

5.  Ionic  compounds  do  not  conduct 
electricity  in  the  solid  state  but 
they  are  good  conductors  of 
electricity  in  die  fused  state  or  in 
aqueous  solution. 

i.e.  they  are  electrolytes. 

5.  Pure  covalent  compounds  do  not 
conduct  electricity.  Only  Polar 
covalent  compounds  conduct 

electricity  in  aqueous  solution, 
i.e.  they  are  non-electrolytes 

DIPOLE-DIPOLE  INTERACTION  (DIPOLE-DIPOLE  ATTRACTION): 


ihe  intermolecular  force  of  attraction  present 
called  Dipole-Dipole  Interaction.  ” 


In  a  polar  covalent  molecule,  each  atom  carries  panial  positive  and  partia 
negative  charge  so  a  polar  molecule  contains  Dipole  (two  types  of  charees).  In  sue 
bond,  partial  positive  end  attracts  panial  negative  end  of  the  neighbouring  molecule. 

^  strength  of  attraction  depends  on  the  difference  “  between  th 
electronegativities  of  the  atoms,  which  form  the  polar  bond.  The  greater  the  differenc 

interacti'3  UC  ^  Str°nger  the  Pblanzaiion  of  bond  and  greater  the  dipole-dipol 


Ha 


Hs 


Hc 


■S*“ 

I 

H6* 


HJ 


Br°‘ . H 


6* 


-Br° 


THE  HYDROGEN  BOND: 

rnvnJJhl  intermolecular  f°rce  in  Polar  molecules  containing  Hydrogen  atom. 

n  ^  bonded  10  atom  °f  ™re  electronegative  elements  such  as  X  O.  F  ,  etc.  is 
called  Hydrogen  Bond.  ”  OR 

rr  ,  Tke  dip°le  ~  diP°le  force  of  attraction  between  two  polar  molecules  in  which 
y  rogen  atom  is  present  with  the  partial  positive  charge,  is  called  hydrogen  bond. 


m 


e.g.  HF,  NH3 ,  H20  .  etc. 
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In  the  molecule  of  HF  (Hydrogen  fluoride),  strongest  Hydrogen  bonding  is 
present  where  the  molecules  are  held  together  in  long  chain. 

•  Hydrogen  bond  is  not  actually  a  chemical  bond  but  it  is  a  type  of  inter  molecular 
force  between  the  polar  molecules. 


•  Hydrogen  bond  has  important  effect  on  the  physical  properties  of  compounds  like 
HF.  H20,  NH;. .  etc. 

_ Covalent  bond 

- Hydrogen  bond 


H6* —  O5" —  H*-—  O5' —  H6- —  O6' — H5-—  O5- 


I 

H6* 


COORDINATE  COVALENT  BOND  (DATIVE  BOND): 

l‘Tlie  bond  which  is  formed  by  one-sided  sharing  of  lone  pair  of  electrons  is 
called  Coordinate  Covalent  Bond.  " 


In  this  type  of  bond,  a  lone  pair  of  electrons  is  provided  by  an  atom  or  a  group  of 
atoms  to  the  other  atoms  or  ions,  so  it  is  also  called  Dative  Bond. 


Coordinate  covalent  bond  is  indicated  by  an  arrow  (— >)  pointing  towards  the  atom 
which  accepts  the  electron  pair  (NH3  *H).  The  elements  of  group  VA,  VIA  or  VIIA 
give  the  lone  pair  of  electrons  (Donor). 


Example#  1 : 

When  a  Nitrogen  atom  combines  with  three  Hydrogen  atoms  to  form  a  molecule 
of  Ammonia,  the  Nitrogen  atom  is  surrounded  by  the  bonding  pairs  and  a  lone  pair  of 
electrons. 

*  •  •  •  • 

H  -f  *N*  - : - ►  H  x •  N  «xH 

•  • 

X  • 

H 

Nitrogen  has  one  lone  pair  of  electrons  so  it  can  form  another  bond  when 
Ammonia  reacts  with  Hydrogen  ions  in  an  aqueous  solution  of  an  acid,  an  Ammonium 
ion  is  formed. 


NH3  (j.)  •  Ff (B£., 

H 

H-N:  -  FT  - 

I 

^  Acceptor 

Donor 


NHj  ,»q) 

H 

I 

H  —  N — ►H 
H 
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.  •  .  Coordm^e  covalent  bond  is  indicated  by  an  arrow  (->)  pointing  towards  th-  atom 
which  accejjtsj^e  electron  pair  (NH3  — >•  +H).  * 

Example#  2; 

““P^us  solution  is  formed  but  a  coordinate 

H20  +  IT - -  Hi  O'  '  - 


Hx-6-xH  +  H" 


H  x«0*x  H 


H-  0: 

I 

vJH_i 

Donor 


Acceptor 


h-o^h 

I 

H 


Oxonium  ion 
or. 

Hydronium  ion 


ssrs  rs  ssbsj 


II ?»?«•«* 

"TV  Afe‘».  Bl0ck.j  S,*Cfc,u, 
Memorial  .,N£‘arOsma 

2s^ss 


n^0  '  5/0Cjr  Asff  C* 

031  S  e?*1  Ho  *:!;  'Vea^'e, 


6^5D 


1S°27  *J;  «*r  ^n 
*'-*«*$; 
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EXERCISE 


1 .  Fill  In  the  blanks:  ‘ 


S 


(i) .  N on-polar  Covalent  molecule  is  electrically  neutral  as  well  as  symmetrical. 

(ii)  The  power  of  an  atom  to  attract  the  shared  pair  of  electrons  towards  itself  is 
called  Electronegativity. 

(iii)  Covalent  compounds  are  usually  made  up  of  discrete  units  with  weak  inter- 
molecular  forces. 

(iv)  NaCl  is  an  ionic  compound. 

(v)  If  electronegativity  difference  of  bonded  atoms  is  more  then  1.7.  the  bond  is 
ElectrovalenL 

(vi)  The  electrostatic  attraction  between  positive  ions  and  the  electrons  of  the  atoms 
is  called  Metallic  Bond. 

(vii)  The  forces  which  hold  atoms  together  in  a  molecule  are  called  Intra  molecular  forces, 
(viii)  The  attraction  between- the  partially  positive  Hydrogen  and  negative  F.  O  or  N 

is  called Hydrogen  bonding. 

(L\)  CO:  is  a  Son-polar  molecule. 

(x)  The  atom  which  accepts  a  lone  pair  of  electrons  is  called  Acceptor. 

2.  Tick  the  correct  answer: 


(i)  The  force  which  holds  atoms  together  in  a  molecule  or  crystal  is  called: 


(a) 

Ionic  bond. 

(b) 

Covalent  bond. 

(c) 

Co-ordinate  covalent  bond. 

(d) 

Chemical  bond. 

(ii) 

The  bond  which  is  formed  by  the  transfer  of  one  or  more  electrons  from  one 

atom 

to  another  atom  is  called: 

(a) 

Ionic  bond.  \ 

(b) 

Covalent  bond. 

(c) 

Co-ordinate  covalent  bond. 

(d) 

Chemical  bond. 

(iii) 

The  bond  which  is  formed  by  mutual  sharing  of  electrons  between  atoms  is 

called: 

(a) 

Ionic  bond. 

(b) 

Covalent  bond. 

<c) 

Co-ordinate  covalent  bond. 

(d) 

Chemical  bond. 

(iv) 

The  bond  which  is  formed  by  one-sided  sharing  of  pair  of  electrons  is  called: 

(a) 

Ionic  bond. 

(b) 

Covalent  bond. 

(c) 

Co-ordinate  covaient  bond. 

id) 

Chemical  bond. 

(v) 

The  bond  in  MgO  is: 

(a) 

Electro-valent  bond. 

(b) 

Covalent  bond. 

(c) 

Co-ordinate  covalent  bond. 

(d) 

Chemical  bond. 

(Vi) 

The  shared  pair  of  electrons  which  links  the  atoms  in  a  molecule  is  known  as: 

(a) 

Electro-valent  bond. 

(b) 

Covalent  bond. 

(a) 

Co-ordinate  covalent  bond. 

(d) 

Chemical  bond. 
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(vu)  Double  covalent  bond  is  denoted  by: 

(a)  Single  short  line.  '  fo)  Two  short  lines 

.  2  Three  snoftlines.  (d)  none  of  these 

(v.u)  The  atom  which  supplies  the  pair  of  electrons  for  bond  formation  is  known  as: 

(a)  Acceptor,  (b)  Donor. 

(c)  Receiver.  Wl  none  of  these 

- -  win  \juuu  ij,  ui a_v 6  iurmea  oecweeii  mo: 

Likeatoms-  (b)  Unlike  atoms. 

atoms.  (d)  Like  and  unlike  atoms 

The  shared  pair  of  electrons  in  a  co-ordinate  covalent  bond  is  denoted  bv: 
a  A  single  line.  (b)  Double  line. 

(c)  An  equal  sign  -(d)  Ad  arrow. 

Answer: 


(x) 


(a) 

(c) 


vi 


in 


B 


VII 


Jviii  I  B 


iv 


IX 


3. 


Write  answer  of  the  following1  questions: 


(0  Define  chemical  bond.  Discuss  how  atoms  unite  and  change  into  molecules. 

Ans.  Chemical  Bond: 

•  the  fnZ?CJ?“  m°IeCt;lar  fo"ce  of  attracbon,  which  holds  the  atoms  together  in 
*hemiSbondm  “  h°,dS  fa  f°™  °f  ^  halted  a 

Formation  of  Molecule: 

to^th«°f“'Ue“ai^!efaI?blinWh'n  **  ?*“  wi,h  incomPlete  °u«nuos,  shell  unite 
requiresorwmore^elecmn^  °nne  T”-1"1  el'Ctr0nS  in  its  shell  and 

one  etoon  ,  C°mpIeK:  ltS  °CKt-  0n  *=  othcr  hand-  Hvdroaen  atom  has 

share  their  electrons  toTomnW0” h°  C°"lpl,"e  115  duPleL  Hydrogen  and  Chlorine  both 
molecuIeofHcT°fo“erP  4=11  ^  °CtCt  r«P--vely.  ,n  this  way.  a 


+ 


W 

...  K.1  K:L‘m7 

Ni^alot  «rnS  °f  "  at°m?  H°W  man'V  does  a 

Ans.  The  electrons  in  the  outermost  shell  of  an  atom  are  called  valence  -lectrons  As 

^««“rguration  ofNitros“  -s  «« ^  ththh“fivi 

(in)  What  happens  to  electrons  when  elements  combine1*' 

A"S'  oCfone”atom -ValhnCe  deCtr0nS  **  ^  "«*«■■  *0-  the 

between  them.  As  a  resell  a  chemical  bon^ toed.  *  “  aUOT  0r 

(IV)  Which  part  of  the  atom  is  involved  in  the  formation  of  a  chemical  bond? 

Ans.  Electrons  in  the  outermos.  shell  are  involved  in  the  formation  of  chemical  bond, 
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IX-Chemtstry,  Chapter#  5,  Page#  14 

(v)  Explain  with  example.  How  are  elements  united  by  electrovalent  bond? 

(Answer  on  Page  #  3  &  4)  ‘ 

(Ai)  What  common  properties  are  shown  by  ionic  compounds? 

('  A  nsvor  on  Pnnp-e 

(vii)  What  is  meant  by  covalent  bond?  Write  electronic  formulae. oi  any  two 
covalent  molecules.  Explain  single,  double  and  triple  covalent  bonds? 

(Answer  on  Page  #  6) 

(viii)  Draw  the  electronic  formulae  for  the  following  covalent  molecules. 


(a)  H:  (b)  O;  (c)  N2  (d)  C;H: 


(e)  C02 


Am.  (a)  (^h) 


(b) 


tn 

LU 

w 

E 

LU 

tr 

r— 

2 

LU 

U 

—I 

< 

u 

H. 

u 

< 

c: 

EL 

0 


H2 


Oi 


N, 


cd 

t-J 

2 

(TJ 

7n 

in 

cn 

=r 

Q 

=30 

f-T-| 

cn 

3 

3> 

•C 

r-r-i 

CO 

KJ 

O 

ro 

:u 

D3 

ID 

t*  . 

a> 

CD 

t-J 

33 

o 

no 

cn 

O 

a: 

03 

ro 

o 

n 

t/J 

— » 

— 

tn 

"C 

ar 

CD 

4* 

r* 

£73 

ro 

2 

n> 

> 

Ol 

~o 

co2 


SU 

tn  at  •+  <r> 
n  u*  ^ 

S  a;  3 
o 


<=> 
,  .  CO 

CJ  « 

3  3=»- 


Ans.  (a)  H2 (Non-polar) 
(d)  CaCO;.  (Ionic) 


(b)  H-Cl  (Polar) 

(e)  HC=CH  (Non-polar) 


(c)  NaCl  (Ionic) 

(0  0=0  (Non-polar ) 


The  Covalent  bonds  formed  between  non-metal  atoms  having  the  difference  of 
electronegativity  less  then  1 .7  are  called  Polar  Covalent  bonds. 

The  Covalent  bond  formed  by  the  same  atoms  of  a  non-metal  or  different  atoms 
having  same  electronegativity  is  called  Non-polar  covalent  bond.  In  other  words,  bonds 
between  atoms  having  the  difference  of  electronegativity  less  than  0.4  to  0.0  are  known 

v  —  * 

as  non-polar  covalent  bonds. 

(ix)  Classify  the  following  bonds  as  ionic  or  covalent.  For  those  bonds  that  are 
covalent,  indicate  whether  they  are  polar  or  non-polar. 

(a)H:  (b)H-Cl  (c)  NaCl  (d)  CaCCh  (e)  HC*CH  (f)  0=0 


(x)  What  are  the  types  of  chemical  bonding? 

Ans.  There  are  two  types  of  chemical  bonds,  (i)  Ionic  Bond  (ii)  Covalent  Bond 

(xi)  Account  for  the  fact  that  some  covalent  bonds  are  polar  while  others  are 
non-polar. 

Ans.  Covalent  bonds  are  polar  and  non-polar  due  to  the  difference  of  electronegativity. 
I?  the  difference  of  E.N.  between  covalently  bonded  atoms  is  0.0  to  0.4.  then  the 
bond  is  Non-polar.  If  the  difference  of  E.N.  is  above  0.4  to  1.7.  then  the  bond  is 
polar  covalent  bond. 
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■3.  Covalent  bond  may  be  Polar  or 
Non-polar 
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jr  (Xli)  Whaf  is  c°-ordinate  covalent  bond?  Explain  with  examples, 
z  (Answer  on  Page  #10)  ' 

jj  (riU)  How  d^es  a  c°va!ent  bond  differ  from  co-ordinate  covalent  bond? 

5  i- - — - -  - 

?  _ Covalent  bond  I  Co-ordin^ra 


h - .Covalent  bond  [  Co-ordinate  Covalent  bond  I 

mutual  sharing  of  electrons  **  Coordinate  covalent  bond  is  formed 

between  atoms.  by  one  sided  sharing  of  electrons. 

2.  Covalent  bond  is  formed  Co-ordinate  covalent  bond  is  formed 

between  similar  or  dissimilar  between  two  unlike  atoms,  -one 

atoms,  when  the  electrons  are  having  electron  pair  available  for 

mutually  shared.  sharing  and  other  for  accepting  that 

_ - _ _ _  electron  pair. 

3.  Covalent  bond  may  be  Polar  or  3'  plf™'  cova!“'.bond  is  always 

x.  ,  J  Polar>  because  it  is  not  formed 

Non-polar  between  like  atoms  and  is  also 

_ _ _ _  known  as  co-ionic. 

shared  pairs  of  electrons  in 

shon fr  d6nTev  4-  lone  Pair  of  =l«trons  in  co- 

W  -o  dof  m  I  Smf  ,  b0nd;  0rd“ate  covalent  bond  i5  denoted  by 

(  )  ior  double  bond  and  (=)  for  an  arrow  (— >1 

triple  bond. 

s.  Covalent  compounds  are  usually  5.  Co-ordinate  eovalem  compounds  are 

L  insoluble  m  water. _ spanngly  soluble  in  water. 

(xiv)  Ex'plain  electronegativity.  ~  *  “  "  "  — - - 

Ans.  Electronegativity: 

itself  ijcalled  Electronegativity^  “  ‘°  ^  2  SharEd  ”ab  towards 

Explanation: 

on  arbina^,t“  TZ  whTh"^  EI“^gativity  values  are  based 

elccmonegativiry^s  4.‘o  h  HU°nae  “  *n'ea  “  arbi™>'  ^d-d  value  of 

E.N.  val'ueile  O.?35  ^  ‘”gheSt  ^  ^  40  ^  C=si™  “d  Random  have  the  lowest 
E.K  has  no  unit. 

(XV)  Explain  Pauling’s  (E.N.)  table  in  your  own  words.  Explain  its  usefulness  in 
predicting  the  relative  ionic  and  covalent  character  of  a  given  compound. 

Ans.  Electronegativity  (E.N.): 

The  relative  tendency  of  an  atom  to  attract  a  shared  pair  of  electrons  is  called 
electro  negativity. 
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IX-Chemistry,  Chapter#  5,  Page#  16 

u,  PAULING'S  (E.N)  TABLE: 

g  Linus  Paulina  devised  a  table  in  which  Fluorine  is  given  an  arbitrarily  E.bL*y$lue 

o 

of  4.0  and  the  E.N.  values  of  the  rest  of  the  elements  have  been  assigned  by  comparing 
.  them  with  Fluorine.. 

it  is  observed  that  metals  have  less  electronegativities  and  non  metals  have  greater 
electronegativities.  E.N.  values  are  used  to  predict  the  ionic  and  covalent  character  of  bonds. 

DETERMENATION  OF  NATURE  OF  COMPONENTS: 

If  the  difference  of  E.N.  between  the  bonded  atoms  is  1.7  or  more,  the  bond  is 
called  Ionic  bonds. 

If  the  difference  of  E.N.  between  the  bonded  atoms  is  less  then  1.7,  the  bond  is 
called  Covalent  bond. 

(xvi)  Give  the  characteristics  (properties)  of  covalent  compounds. 

(Answer  on  Page  #  7)  • 

(xvii)  What  do  you  understand  b'v  ionic  character  of  covalent  bond?  Under  what 
conditions  are  the  following  formed? 

(a)  Polar  covalent  bond  (b)  Non-polar  covalent  bond,  (c)  Ionic  bond. 

Am.  IONIC  CHARACTER  OF  COVALENT  BOND: 

When  a  covalent  bond  is  formed  between  the  atoms  that  have  the  difference  of 
electronegativity  (ess  than  1.7,  then  the  atom  with  the  greater  electronegativity  attracts 
the  shared  pair  of  electrons.  In  this  way,  it  has  partial  negative  charge  (6*)  and  the  atom 
with  the  lesser  E.N.  value  has  partial  positive  charge  (5").  These  partial  charges  are 
considered  as  ionic  character  of  covalent  bond. 

(a)  Polar  covalent  bond:  (Answer  on  Page  #  7) 

(b)  Non-polar  covalent  bond:  (Answer  on  Page  #  7) 

(c)  Ionic  bond:  (Answer  on  Page  #  4) 

(xviil)  Define  the  term  metal.  Describe  metallic  bond. 

Ans.  Metal: 

A  substance  consisting  of  positively  charged  ions,  fixed  in  a  crystal  lattice  with 
negatively  charged  electrons  moving  freely  through  the  crystal. 

Metallic  Bond: 

The  electrostatic  force  of  attraction  between  positively  charged  nuclei  and  freely 
moving  electrons  (mobile  electrons)  is  called  metallic  bond. 
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Explanation:  ' 

Metals  have  less  than  four  valence  electrons  and  many  metals  have  only  one  or 
~o  electrons.  These  electrons,  instead  of  remaining  in  a  particular  atom,  move  freely 

from  one  atom  to  another  atom.  Hence,  the  atoms  are  considered  to  be  positively 
charged  ions,  due  10  this  reason  a  force  of  attract?^  u_.  ,, _ _ ,  ,  _ 

4X10  P0SiUVdy  Cnarged  lons’  which  15  <*1*  MetaUic  Bond.  In  this  way,  freely  moving 
electrons  act  as  cohesive  force,  which  hold  the  atoms  together. 

Sea  of  delocalized,  mobile 

_ _ j  valence  electrons. 


*  Cations  (positive)  in  an 
ordered  array 

(iix)  Explain  the  following  properties  of  metals? 

(a)  Lustre  (b)  Conductivity  (c)  Malleability  (d)  Ductility 

a)  Lustre: 

Metals  have  shiny  surface. 

b)  Conductivity: 

freely  °fth=  of 

c)  Malleability: 

d)  Ductility: 

atoms  adjust  rhemselvefto’fonrimdfaal1*^!^  *  P‘eCe  of  me,al  is  stretched, 
into  wires.  Therefore  metals  are  ductile.  ay’  *ey  can  bt  convened 

ta)  Why  are  some  metals,  such  as  Sodium  soft,  while  others  are  hard- 

'  b0ndS-  *  ”  le“  number  of  free 

a  soft  metal  while  metals  harms  '*1?°  batwcm  atoms-  Due  to  this,  it  is 

Lt  f0m,an'0n  °f  --Uic  bo„rWe°en“  £ 
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(xxi)  Explain  the  origin  of  dipole-dipole  forces?  Give  an  example. 

Ans.  The  origin  of  Dipole  -  Dipole  Interaction  is  the  polarity  of  molecules  due  to  the  ^ 
difference  of  electronegativity.  It  is  the  force  of  attraction  between  partial  positive 
end  of  a  molecule  and  partial  negative  end  of  its  neighbouring  molecule. 

MMorMlrO  /Answer  on  Pnoe#7) 

l,xxii)  v\  hat  no  you  mean  oy  aispersion  iorces.'  Way  .ire  uie)  are  ai»o  <~uicd 
London  forces? 

Ans.  DISPERSION  FORCE  OR  LONDON  FORCE: 

The  force  of  attraction  between  temporarily  polarized  atoms  due  to  the  change  of 
position  of  electron  by  induction  is  called  Dispersion  Force  or  London  Force. 


Note:  The  London  Force  is  given  after  the  name  of  its  discoverer  Fritz  London. 

(xxiii)What  is  Hydrogen  bonding?  What  type  of  forces,'  either  intra-molecular 
or  inter-molecular  forces  are  present  in  Hydrogen  bonding? 

Ans.  HYDROGEN  BOND:  (Answer  on  Page  S  9  and  10) 

(xxiv)  Define  the  following. 

i)  Inter  molecular  force  of  attraction. 

ii)  lntra  molecular  force  of  attraction. 

INTER  MOLECULAR  FORCE  OF  ATTRACTION: 

The  force  of  attraction  between  the  molecules  of  compounds  is  called  inter 
molecular  force  of  attraction. 


Example: 

i)  Dipole-Dipole  attraction 

iii)  Metallic  bond 


Hydrogen  bond 
London  force 


INTRA  MOLECULAR  FORCE  OF  ATTRACTION: 

The  force  of  attraction  which  holds  the  unstable  atoms  in  a  molecule  or  crystal 
is  called  intra  molecular  force  of  attraction. 


Example: 


Ionic  bond. 


ii)  C-ovalent  bond. 
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CHEMICAL  EQUILIBRIUM 

There  are  two  types  of  chemical  reactions  - 
(i)  Reversible  (ii)  Irreversible 

Reversible  Reactions: 

.  J!WSe  chemical  reactions  which  take  place  in  both  the  directions  and  never 

ror  inese  type  ot  reactions,  both  the  forward  and  the  reverse  reactions  occur  at  the 
same  time,  so  these  reactions  are  generally  represented  as 

Reactants  #==  —  Products 

a  ^  ,,The  d°uble  arrow  indicates  *e  reaction  is  reversible,  and  both  the  forward 
^t^h£VerSe  reaCtlJon  occur  simultaneously.  In  other  words  we  can  sav  that  reactions 
hich  reactants  and  products  both  are  interconvertible,  are  called  reversible  reactions. 
Some  examples  of  reversible  reactions  are  given  below 

(i)  N2  +  3H2  —  N  2NH3 

(ii)  2SO;-rO,^=. — >  2SQ3 

Irreversible  Reactions: 

.  ‘?J0se  reactions  in  which  reactants  are  converted  into  product  only  are  called 
irreversible  reactions” 

These  reactions  proceed  only  in  forward  direction. 

I"  Which  reactants  convened  into  products  but  products  are  not 
n  erted  back  into  reactants  are  called  irreversible  reactions. 

Examples  of  such  type  of  reactions  are  given  below' 

Zn  dr  2HCI  - ►  ZnCl2  +  H2 

NaCl  +  AgNOs - *■  AgCl  +  NaNO? 

Equilibrium  State: 

The  state  at  w-hich  the  rate  of  forward  reaction  becomes  equal  to  the  rate  of 

MuiHh-reaCtl°?  15  ('fUfd  Equilibrium  state  or  chemical  equilibrium.  This  type  of 
equilibrium  is  also  called  Dynamic  equilibrium. 

Wr,™-,7116  SIate  th3t-  Is  reached  when  concentration  of  reactants  and  products 
A  constant  with  respect  to  time  is  called  the  state  of  chemical  equilibrium 

tfrun  reaCtamS  Pr°dUCtS  ”  *e  equilibrium  state  is  called  eg uilibrium 
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Explanation:  . a  A ' 

Consider  the  following  reaction  v 

A  +  B  v,  C  +  D 

It  is  a  reversible  reaction.  In  this  reaction,  both  the  reactions  (i.e.  forward  '& 
backward)  occur  simultaneously.  At  initial  state,  reactants  A  and  B  are  present  in  a 
reaction  vessel  and  the  concentration  of  C  and  D  is  tefo. 

.  ij  uie  i wauuoii  pxucceus  ami  uie  moivcuies  oi  a.  a.  &  react  vviui  eacn  oiner, 
the  concentration  of  reactants  is  decreased,  while  the  concentration  of  products  is 
increased.  With  the  formation  of  the  products,  the  reverse  reaction  starts.  As  the  time 
goes  .on,  the  rate  of  forward  reaction  decreases  because  the  concentration  of  reactant 
decreases,  and  it  is  converted  into  product,  on  the  other  hand  the  rate  of  reverse  reaction 
increases  because  of  the  increase  in  the  concentration  of  products  C  and  D.  Ultimately,  a 
state  reaches  when  both  the  reaction  rates,  forward  and  backward  becomes  equal.  This 
state  is  called  Equilibrium  state.-. 

Active  Mass  or  Molar  Concentration: 

Number  of  moles  of  any  substance  in  one  dm3  of  solution  is  called  Active  mass 
or  Molar  concentration. 

Active  mass  =  „\  Number  of  moles 

Volume  of  solution  in  dmJ 

LAW  OF  MASS  ACTION: 
introduction: 

The  effect  of  concentration  on  reversible  reaction  at  equilibrium  was  explained  by 
Scandinavian  scientists  Guldberg  and  Waage  in  1864.  Their  observation  is  known  as  the 
law  of  mass  action  (or)  law  of  equilibrium. 

Statement: 


"The  rate  at  which  a  substance  reacts  is  directly  proportional  to  its  active  mass, 
and  the  rate  of  a  chemical  reaction  is  directly  proportional  to  the  product  of  the  active 
masses  of  the  reactants ” 

Derivation  of  Equilibrium  Constant: 

Consider  a  reversible  reaction,  in  which /m’  moles  of  A  and  ‘n’  moles  of  B  react 
to  give  ‘x'  moles  of  C  and  ‘y’  moles  of  D  as  shown  in  the  equation 

mA  t  nB  \  xC  +  yD 
A  to  law  of  mass  of  action 

The  rate  of  forward  reaction  cc  [A]m  [B]n  0  -r,  • 

The  rate  of  forward  reaction  =  Kf  [A]m  [B]n  5  =f  "  £ 

The  rate  of  reverse  reaction  cc  [C]x  [D]y  ^  I  J 

The  rate  of  reverse  reaction  =  Kr  [C]x  [D]y  «>  ~  A  ^  ^ 

At  equilibrium  state  S  i  “  o  § 

Rate  of  forward  reaction  =  Rate  of  reverse  reaction  ^  °  S-  ^  ~~ 

Therefore  Kf[A]n,[B]n  =  Kr  [Cf  TD]V  S=L-  ~  « 

2Ll_  l£L  fPT 

k,  [Ar  [By 

k  -  i£L  ip3?  £$  -  =  2 

c  I  a]’  [b  ]°  2  s  is  55 

j,  _  [product]  3 

[reactant] 

The  above  expression  is  called  equilibrium  expression.  Where  Kc  is  Equilibrium 
constant  with  respect  to  concentration,  which  is  defined  as; 


S2? 

o  — -  - 


EL  L.  >  J2© 
— •  -  « 

•  ro  —  — o 

C3>  IU  0 

r<j  -i  _  L*  c— ^ 
w  6)  C«  - — r 

n  un  3  i — ■> 

o>  =•  3  co 

to  a,  ce  ■ — 4 

a  ** 
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muItiP«cati0DS  of  active  masses  of  the  products  to  the 
coiXt  CDVe  maSSSS  °f  reaCtffits  at  ^librium  is' called  equilibrium 

Units  of  Equilibrium  Constants 

eouilihri,^  reaCti0n  ^  ei5ual  number  of  moles  on  the  reactant  and  product  side  then 
n°  *e  Dumber  of  ”01“  is  unequal  than"  ' 

K‘J  -;^'-'n-u.,rtjoH^===^CH3C00CjH5  +  H20.  - 
[CHiCOOC;H,]  [H,Q]  Fmolesdin-1!  rmnlesdm-ii  ' 

[CH3COOH]  [CjHjOH]  i^lesdm-!][moiesdm-]  =  NOUnil 

N2  +  3H2  — ->■  2NH3  .. 

_ [molesdm-5]3  . 

[NJCHJ  [moles  dm-3]1' =  ^ 


Kc  = 

m 

Kc  = 

P) 

Kc  = 


2  a-  b  ^ 

V1  s  >  ®  £'5 
“55  ^ 


to  — - 
o  £», 


5s  =C3 
cn  ~o 
co  CO  ~ 
alrCD  SS 

M  a  O  /-  — — — 


C n 
■tx 


PCI 


15^= 


PC13  +  CI2 


[P'cy  [Cl,]  [mo]es  dm-1]  [mole  dm"‘l 

[mole?dmJ] - =  moles  dm'5 


[PCI,] 


N3  o 
i/i 

t-j  —  ^  -  cro 

NJ  r-  2.  <==> 

Nj  tl  C  o  - _ 

"sj  o  in  D  , . 

f-j  2T  S  “  or: 

40  £j  (D 

3  '  Jx 


Equilibrium  Constant  for  a  Gaseous  System: 

shoWnC°nSider  a  reversiblc  proc^s  in  which  *e  reactants  and  products  are  gas«  as 

'  +  - -  C(g)  +  D(g) 

used  ii^ad  o^thXrTtS  and  -Pr°dUCtS  ar£  ”  gaS£OUS  state’  their  pressures  are 
used  instead  of  their  concentrations,  so  according  to  Law  of  mass  action- 

k,  =  £L£2 

CPA)  CPB) 

Where  PA,  PB,  pc  and  PD  are  the  partial  pressures  of  reactants  and  products. 

Relationship  between  Kc  and  KP: 

fonowre  thTee  P°ssibilities  in  relationship  between  Kc  and  KP  which  are  as 

(i)  KP  =  Kc  . 

the  reaction'"  ^  "  D°  chaDge  “  Dumber  of  moles  **  ^ 


Example: 


Hi  +  Ia 


2HI 


A 


and  reaCti°nS  {n  WhiCh  nUmb£r  °f  m0leS  *!»«** 

(ii)KP>Kc 

Wen  reaction  occur  with  increase  in  number  of  mole  such  as 

2NH3  ^  ■  N2  +  3H2 

For  such  reaction  KP  >Kc 

ofreitot^  nUmbCr  °f  m°’eS  °f  Pr°dUCI  ”  ^  number  ofm°l- 

(iii)  Kp  <  Kc 
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Reactions  in  which  number  of  moles  of  products  are  less  than  number  of  moles  of 
reactant  then  Kp  <  Kc  or  when  there  is  decrease  in  number  of  mole  on  the  product  side 
e.g. 


ISO,  +  O, 


2S03 


In  this  case  KP<Kc 


'■»*->  -l  .-Wrfrf  W  *  JJJJ  UlKWlll 


There  are  two  important  applications,  of  equilibrium  constant 

(i)  It  is  used  to  predict  the  direction  of  reaction. 

(ii)  Kc  is  also  used  to  predict  the  extent  of  reaction. 

To  Predict  the  Direction  of  Reaction: 

The  value  of  equilibrium  constant  Kc  is  used  to  predict  the  direction  of  a 
reversible  reaction 


Reactant 


Product 


With  respect  to  the  ratio  of  initial  concentration  of  the  product  and  reactant  there 
are  three  possibilities 

Let  [Product]  „hi., 

[reactant]  ,„„ul 

There  are  three  possibilities  for  Kinitja] 

(i)  It  is  greater  than  Kc  (ii)  It  is  less  than  Kc 

(iii)  It  is  equal  to  Kc 


CASE  I: 


If  [Product]  inili3l  ^  K 
[Reactant]  initi4j  c 

The  reaction  will  shift  towards  the  reverse  direction. 


CASE  II: 


If  [Product]  jnhill  , 


K, 


[Reactant]  ■ 

The  reaction  will  shift  towards  the  forward  direction. 


CASE  III: 


If 


[Product] . 


initial  _ 


Kc 


0 


o -,  */ 


wcv 


0 


[Reactant]  inili„ 

The  reaction  is  already  at  equilibrium  state. 

To  Predict  the  Extent  of  Reaction: 

From  the  value  of  Kc  we  can  predict  the  extent  of  the  reaction. 

(1)  If  the  value  of  Kc  is  very  large  e.g. 

For  20j  — —  302  Kc  =  1  x  1055  (very  large  value) 

From  this  large  value  of  Kc.  it  is  predicted  that  the  forward  reaction  is  almost 
complete  i.e  reactant  is  unstable,  product  is  stable  and  reaction  is  almost 
complete  in  forward  direction. 

(2)  WTien  the  value  of  Kc  is  very  low  e.g. 
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H2-*-F2-  Kc  =  1  x  10' 


(very  small  value) 


From  this  value  it  is  predicted  that  the  forward  reaction  proceeds  with  negligible 
rate,  i.e  reactant  is  stable  ,  product  is  unstable  and  reaction  is  almost  complete  in  reverse 
direction., 

(3)  If  the  value  of  Kc  is  moderate,  the  reaction  occurs  in  both  the  direction  and 
equilibrium  will  be  established  after  certain  period  of  time 

So  the  reaction  occurs  in  both  the  directions,  i.e  both  reactant  and  product  are 
unstable  and  interconvertible  to  each  other. 

Determination  of  Equilibrium  Constant: 

The  value  of  equilibrium  constant  Kc  does  not  depend  upon  the  initial 
concentration  of  reactants.  In  order  to  find  out  the  value  of  Kc,  we  have  to  find  out  the 
equilibrium  concentration  of  reactants  and  products. 

Ethyl  Acetate  Equilibrium: 

Acetic  acid  reacts  with  ethyl  alcohol  to  form  ethyl  acetate  and  water  as  shown  in 
the  following  equation. 

CH3COOH  +  C2H5OH  —  =e  CH3COOC2H5  +  H20 
_  Suppose  “a*-  moles  oWcenc  acid  and  ‘b’  mofeir  o^SEyl  alcbnol  are  mixed  in  a 
reaction  vessel.  After  some  time  when  the  state  of  equilibrium  is  established  suppose  ‘x’ 
moles  of  H20  and  x  moles  of  Ethyl  acetate  are  formed  while  the  number  of  moles  of 
Acetic  acid  and  alcohol  are  a-x  and  b-x  respectively  at  equilibrium,  so  we  can  write  as: 
CH3COOH  +  C2H;OH  CH3COOC2H5  +  H,0 


Initial  moles  a 

Moles  at  equiliburm  (a-x)  (b-x) 

Concentration  fa  -  xl  f) 

at  equilibrium  ’  L  v  J  L 

According  to  law  of  mass  action 

/  "Y_-_  [CH?COOC,HJ  [H,Q] 

•  c  [CHjCOOH]  [C.H.OH] 

K  -  [x/v][x/v] 

c  [a  -  x  /  v  ]  [b  -  x  /  v  ] 

K  - 

c  (a-x)  (b-x) 


(x)  (x) 

(a-x)  (b-x) 


Hydrogen  Iodide  Equilibrium: 

For  the  reaction  between  Hydrogen  and  Iodine,  suppose  ‘a’  moles  of  Hvdrogen 
and  b  moles  of  Iodine  are  mixed  in  a  sealed  bulb  at  444 CC  in  boiling  Sulphur  for  some 
time.  The  equilibrium  mixture  is  then  cooled  and  the  bulb  is  opened  in  a  solution  of 
NaOH.  Let  the  amount  of  Hydrogen  consumed  at  equilibrium  be  'x’  moles,  which 
means  that  the  amount  of  Hydrogen  left  at  equilibrium  is  *a-x?  moles. 
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']■’ m0le  0f  Hz  reicts  with  ' 1  ’  mole  of  L  to  form  two  moles  of  HI  hence  the 
mint  of  Iodine  used  is  also  V  moles  so  its  moles  at  equilibrium  is  b-x  and  the  moles 
of  Hydrogen  iodide  at  equilibrium  are  2x  so  we  can  write  hs: 


Initial  moles 

Moies  at 
equilibrium 

Concentration 
at  equilibrium 


H2  >  !-  • 


(a~x) 


(b-x) 

m 


According  to  the  law  of  mass  action. 


K  -  M; 

c  sir 


o  m  -  A’ 
V5  S  3>  “  § 

CD  q  r>  «  r-r-t 

Sai  '  ci  -a 
mmm‘  CD  ~~ 
olr-CD  ==£ 

*0  Q  2  C/5  ?- 


2  ~  -  era 


^  ^  S  -  CH 

.5) 

kj  -i  „  ^  crr» 
M  Hi  C  15  —  , 
Cl  tf!  3  q 

a>  o  — 

3  ” 


(a-x)  (b-x)  .  ~H 

LE-CHATELIER'S  PRINCIPLE; 

Statement:  « When  a  stress  is  applied, o  a  reversible  reaction  a,  equilibrium,  the 
equilibrium  position  changes  so  as  to  minimize  the  effect  of  applied 

Jt/Cji  * 

The  equilibrium  state  of  a  chemical  reaction  is  altered  by  changing  concentration 
pressure  or  temperature.  The  effect  of  these  changes  is  explained  by  Le-Chatelier 

Effect  of  Concentration: 

By  changing  die  concentration  of  any  substance  present  in  the  equilibrium 
mixture,  the  balance  of  chemical  equilibrium  is  disturbed.  For  the  reason  ^ 


A  +  B 

k  -  rora 

C  [A]  [B]- 


C  +  D 


F  concentration  of  reactant  ' A  or  B  is  increased  the  equilibrium  state  shifts 
tov-aras  nght  and  yield  of  products  increases. 

backward* conce^tratl011  of  C  or  D  is  increased,  then  the  reaction  proceed  in  the 
Lt^fbri^  3  gW  ^  “d  m°re  A&B  ar£  f0Tm^  so  “  t0  re_establish 

Effect  of  Temperature: 

The  effect  of  temperature  depends  upon  the  type  of  reaction. 

tenmZ°r  20  “otheImic  tbe  value  of  Kc  decreases  with  the  increase  of 

temperature  so  the  concentration  of  products  decreases. 
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nrn^uI0ran^Dd0therTniC  reaction.heat  «  absorbed  for. the  conversion  of  reactants  into 
p  oduct,  so  if  temperature  dunng  the  reaction  is  increased,  then  the  reaction  will  proceed 
w ith  a  greater  rate  in  forward  direction  ^ 

Temperature  increase— >  More  products  are  formed  i.e,  reaction 


Endothermic 

Reaction 


V 


proceeds  in  forward  direction 
Temperature  decrease— >  More  reactants  are  formed  i.e.  reaction 


1  -■*  —  i  ww  LiWii 


More  reactants  are  formed  i.e.  reaction 
proceeds  in  backward  direction 


/~  Temperature  increase 

Exothermic 
Reaction  V"' 

Temperature  decrease  —>  More  products  are  formed  i.e.  reaction 

proceeds  in  forward  direction 

Effect  of  Pressure: 

The  state  of  equilibrium  of  gaseous  reaction  is  disturbed  by  the  change  of 
pressure  By  increasing  pressure  the  equilibrium  will  shift  in  that  direction  where  volume 
(.moles)  decreases. 

By  decreasing  pressure  the  Equilibrium  will  shift  in  that  direction  where  volume 
(moles)  increases. 

There  are  three  types  of  reactions,  which  show  the  effect  of  pressure  change. 

When  the  Number  of  Moles  of  Products  are  Greater: 

In  a  reaction  such  as 

2NH3  ^ - ^  N2  +  3Hi 

The  increase  of  pressure  shifts  the  equilibrium  towards  reactant  side  and  decrease 
in  pressure  shifts  equilibrium  in  forward  direction. 

When  the  Number  of  Moles  of  Reactants  are  Greater: 

In  a  reaction  such  as 

2S02  +  05~=^  2S03 

The  increase  of  pressure  shifts  the  equilibrium  towards  product  side  because'  the 
numbers  of  moles  of  product  are  less  than  the  number  of  moles  of  reactants  and 
decrease  m  pressure  shifts  equilibrium  in  backward  direction. 

When  Number  of  Moles  of  Reactants  and  Product  are  Equal: 

In  those  reactions  where  the  number  of  moles  of  reactants  are  equal  to  the  number 
of  moles  of  products  the  change  of  pressure  does  not  change  the  equilibrium  state  e.g. 

H:  +  I2  =5-  >  2  HI 

lmole  lmole  2mole 

_  Since  the  number  of  moles  of  reactants  and  product  are  equal  in  this  reaction  so 
me  increase  of  pressure  does  not  affect  the  yield  of  HI. 


Effect  of  Catalyst: 


Catalyst  has  no  effect  on  state  of  equilibrium  it  only  reduces,  or  increases  the  time 
to  reach  equilibrium. 
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Important  Industrial  Applications  of  Le-Chatelier's  Principle: 

HABER'S  PROCESS: 

Synthesis  of  ammonia  by  Haber  process  is  an  reversible-  exothermic  reaction.  In 
this  process  one  volume  of  Nitrogen  is  mixed  with  three  volumes  of  Hydrosen  at  500QC 
and  "200  to  1  onO'i  Tm  "rorni™  irs  +t-.i 


Na . +  3H2  "  2NH3  +.  Heat 

Catalyst 


Effect  of  Concentration: 

K c  for  this  reaction  is 


K. 


_  -[nh3]2 


:  Shop  *  6,  BS4/i“  tifHc!mr^T 
0315-8290802  /  0321-2622759 


.[N2]IH233 

Increase  in  concentration  of  reactants,  which  are  N2  and  Ha,  the  equilibrium  of  the 
process  shifts  towards  the  right*  so  as  to  keep  the  value  of  Kc  constant.  Hence  the 
formation  ofNH3  increases  with  the  increase  of  the  concentration  of  N2  or  H2. 

Effect  of  Temperature:  ' 

It  is  an  exothermic  process,  so  heat  is  liberated  with  the  formation  of  product. 
Therefore  according  to  Le-Chatelier’s  principle  at  low  temperature,  the  equilibrium  is 
shifted  towards  right  to  balance  the  equilibrium  state  so  low  temperature  favours  the 
formation  of  NH3. 

Effect  of  Pressure: 

The  formation  of  NHj  proceeds  with  the  decrease  in  volume,  therefore  reaction  is 
earned  -out.  under  high  pressure  or  in  other  words  high  pressure  is  favorable  for  the 
production  of  NH3. 

CONTACT  PROCESS: 

This  process  is  used  to  manufacture  H2SOi  on  large  scale.  In  this  process  the  most 
important  step  is  the  oxidation  of  S02  to  S03  in  the  presence  of  a  catalyst  Varidium 
pentoxide 

2S02  -p  02  2S03  +  Heat 

Effect  of  Concentration:  15 

Tne  value  of  for  this  reaction  \ 


kc=  p°>r 


[S02]2  [02] 

Increase  in  concentration  of  S02  or  02  shift  the  equilibrium  towards  right  and 
more  S03  is  formed. 

Effect  of  Temperature: 

Since  the  reaction  is  exothermic,  so  low  temperature  will  favour  the  formation  of 
S03.  The  optimum  temperature  for  this  reaction  is  400  to  450°C 

Effect  of  Pressure: 

In  this  reaction  decrease  in  volume,  takes  place,  so  high  pressure  is  favorable  for 
the  formation  of  S02. 


B 
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COMMON  ION  EFFECT; 

The  process  in  which  precipitation  of  an  electrolyte  is  caused  by  lowering  the 
coSfonianXt”  :"'“k  when  a'  c°mjI'on  22“  »  «Med.  is  known  as 

Explanation: 

•  -  .  S  solution  of  an  electrolyte  in  water,  there’ exist  an  equilibrium  b^twen 

* 

V  "  ■  '  •"  **i,v  ui  ulusa  itcaon  coil  UC  appiXjiU. 

dissociation  of. an  electrolyte  AB.If  now  another  electrolyte  yielding 
°  10“  te  added  to  the  above  solution,  it  will  result  in  the  increase  of 

^mres^d  bv’^;  A  >°rdS  u*6  dEgree  0f  dissociation  of  an  electrolyte  is 
J?  ■  ^  i*  addltlon'  another  electrolyte  containing  a  common  ion.”  This 

phenomenon  is  known  as  common  ion  effect. 

*  common  ion  effect  in  salt  analysis: 

An  electrolyte  is  precipitated  from  its  solution  only  when  the  product  of 
concentration  of  its  ions  exceed  from  its  solubility  product.  The  precipitates  are  obtained 
when  the  concentration  of  any  one  ion  is  increased.  Thus  by  adding  a  common  ion,  the 
Ionic  product  can  be  exceeded.  Common  ion  effect  has  a  great  application  in  qualitative 
alysts.  The  cations  of  group  II  and  IV  are  precipitated  as  sulphide  with  H-.S  but 

TcuTw lfwUP  AA'A5  C°nCratration  ofS  for  Precipitation  as  compared  to 
Sl  •  ’  before  addJ2f 1325  m  *e  salt  solution,  we  add  dilute  HC1.  HC1  rives  H'  ion 
C,Qmmo“  t0  ^  10“  of  HrS  Which  shift  the  equilibrium  of  H3S  towards 
backward,  hence  the  concentration  of  S‘J  decreases  which  is  enough  to  precipitate  the 
cations  of  group  II,  not  the  cations  of  group  IV.  • 

SOLUBILITY; 


s 


T7ie  amount  of  solute  required  to  prepare  a  saturated  solution  of  unit  volume  at 
specific  temperature  is  called  solubility. 

Solubility  Product: 

"The  product  of  the  concentration  of  ions  in  the  saturated  solution  of  a 
sparingly  soluble  salt  is  called  solubility  product.  ”  '  • 

When  a  slightly  soluble  ionic  solid  such  as  silver  chloride  is  dissolved  in  water,  it 
dissociate  into  its  ions  •  ^  5 

,  A  113256  Ag  CI*  i0nS  fr6in  soUd  phase  pass  ^  solution  till  the  solution 
becomes  saturated.  Now  there  exists  an  equilibrium  between  the  ions  present  in  the 
saturated  solution  and  that  in  the  solid  phase,  thus  .  '  ‘  ‘ 

Applying  the  law  of  mass  action  - 

*e  co“«“tration  of  solid  AgCl  in  the  solid  phase  is  fixed,  no  matter  how 
much  solid  is  present  m  contact  with  solution,  so  we  can  write 

*  AgCl  --  ^  Ag*  4-  Cl" 

K  =  ¥£}  [Cl'] 

'  C  [AgCl] 

Kc  [AgCl]  =  [Ag  +  ]  [Cl"  ] 

^-[a  filer} 

Where  -Ksp  is  known  as  solubility  product 

"practical  centre 
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The  value  of  solubility  product  is  constant  for  a  given  temperature.- 
The  mass  of  a  solute  present  in  a  saturated  solution  with  a  fixed  volume  of  solvent 
is  called  solubility,  which  is  generally  represented  in  the  unit  of  gm/dm3,  with  the  help 
of  solubility  we  can  calculate  the  solubility  product  of  a  substance  ■  ' 

Application  of  solubility  product: 

—  juiuuiui  j  pruuuct  ..va.p  ujcu  lu  uc  ter  mine  w  earner  precipitate  snouiu  lorm 

from  a  solution  of  known  iohic'concentranon  or  not 

.  For  a  saturated  solution  the  product  of  ionic  concentration  is  equal  to  the 
solubility  product  but  if  the  ionic  product  is  less  than  the  solubility  product,  the  solution 
is  not  saturated  therefore  more  amount  of  the  solute  can  be  dissolved  into  the  solution: 
On  the  other  hand  if  the  ionic  product  is  greater  than  the  solubility  product  the  solution 
is  said  to  be  super  saturated  and  the  excess  of  solute  should  precipitate  to  restore  the 
equilibrium  condition. 

NUMERICALS: 

-  -  * 

Solubility  Product: 

The  product  of  concentration  of  ions  present  in  a  saturatedSolution  of  partially 
soluble  salt  is  called  Solubility  Product. 

Calculation  of  Solubility  Product  from  Solubility: 

In  a  saturated  solution  of  AgCl,  the  solubility  of  AgCl  at  25°C  is  1.4  x  10'3  g/dm3 

To  calculate  Solubility  Product  first  of  all  we  will  calculate  the  concentration  of  the 
solution. 

Cone,  of  AgCl  —  Moles/dm3  . 

,  1  4  x  l  O'1 

Moles/dm  of  AgCl  =  -1— —  =  0.98  x  10’5  mole/dm3 
143.5 

the  Cone,  of  AgCl  =  0.98  x  1  O'5  mole/dm3 


In  a  saturated  solution  of  AgCl 
AgCl  =g--  Ag*  +  cr 
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KSJ  -  [Ag*]  [CH 
Since  the  Cone,  of  AgCl  =  0.98  x  10*5  mole/dm3 

From  the  above  equation  it  is  very  clear  that  1  mole  of  AgCl  on  complete 
dissolution  give  lmole  of  Ag*  ions  and  lmole  of  CT  ions. 

the  Cone,  of  Ag*  =  0.98  x  10‘5  mole/dm3 

Similarly  the  Cone,  of  Cl"  =  0.98  x  10'5mole/dm3 

So  KSj>  =  [0.98  x  10’5]  [0.98  x  10"5] 


|Ks.p  -  0.96  x  10'JO  raoleVdm6  Ans. 


Q.  The  solubility  of  Mg(OH)2  at  25°C  is  0.00764  g/dm3.  What  is  the  solubility’ 
product  of  Mg(OH)2 


Solution: 


Molecular  Mass  of  Mg  (OH)2  =  58 


PRACTICAL-  CENTRE 

B-14.  BLOCK-1,  GULSHAN-E-1QBAL  KARACHI.  S:  34976530-34812547-34984762 


□ 


a 


96 


PRACTICAL  CEN''  H  0  SESSION  2016*2017  0  PRACTICAL  CENTRE  B  SESSION  2010-2017  0  PRACTICAL  CENTRE  B  SESSION  2016-2017  B  PRACTICAL  CENTRE 


%(0H)2: 


Mg*2  +  20H~  -  '  •;  ’ 

Ks.p-  =  [Mgv2]  [OH-]2  *  _,r  -  " 

Cone.  QfMg(OH),  “1  =  1.33  x  lO-nWdm’ 


.  -  5g  •  . 

the  Cone,  of  Mgf?,=  1.31  x  10J  mole/dm3. 


and  Cone’  of  Off  =  *>  v  i  o 


O  -,/  ! _ 


•  -  ksj>  =  [Mg-2]  [oiri2  .. . 

-  -  -  ,  =  [1.3rx  jO-4]  [Z62  x  10^2’  * 

•  =  9.0  x  10'n  moleVdm5-  ’ 

Calculation  of  Solubility  from  Solubility  Product: 

Solubility  Product  of  Pbl2  =  LOO  x  1  O'9  moleVdm9  '  * 

_  T.=  25°C 
Solubility  of  Pbl2  =  ? 

Pbl2  -■  =  =  ,  5s=  Pb+2  +  21" 


KS.P  =  [Pb^2]  [H2 
Let  the  Cone,  of  Pbl2  =  x  ■ 

the  Cone,  of  Pb+2  =  x  • 

and  the  Cone,  of  r=  2x  -' 
substitute  the  values  •  - 

1.00  x  10'9  =.  [X]  [2x]2 
1  . 00  x  10‘9  =  x  (4x2) 

:  4x3  =  1.00  x  10*9 

x3  >  0.25x  1(P9 
or  x  =  0.63  x  10'3 
•’*  Conc-  of  Pbl2  =  0.63  x  lO’3  mole/dm3 
To  Calculate  the  mass  of  Pbl2 
Mass 


|?!K5 ■Win, 

SgUfeSgte 

5-829080^032;.fe6' 


.  p  If  .  -  I , 


;>° ryL°:k"<.  NeaW'*. 
-15^oSo^k^» 


Mole  = 


Mol.Mass 

Mass 
46  f 


0.63  xlG3  - 

Mass  =  0.63.  xl0-3  x  461  =0.29  gm" 
Solubility  of  Pbl2  =  0.29g/dm3 


7*^7fis 


Q. 


“  ■**■* « «-c-  * 


S.P 


for 


Solution: 


K£.p  of  PbCr04  ,  =  2.8  x  3  0‘,:'  mole2/dm6 

-  .  T  =  25°C 


Q 

TJ 

23 

> 

n 

H 

o 

> 

o 

m 

z 

-i 

73 

m 

d 

to 
m 
c n 
c n 

O 

z 


E 

■a 

S3 

> 

C3 

-4 

n 

> 

r- 

O 

m 

z 

H 

73 

m 

E 
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Solubility  of  PbCr04  =  ?  • 

.  pbCr04=====s=  Pb";.  +'-Cr04'2 

KSi>  =  [Pb"2f[Cr04-2] 
Let  the  concentration  of  Pb+_  =  x 
The  concentration  of  CrOf2  =  x 
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F.B.  Area  t ^  S‘f  Ccn,re>  • 
"•moniih “,p  a.I'"' u*"an 
D315.829oen7?niV;^?-Chi 


iw  *  -iu^J  iia  -ii- 


2.8  x  10‘13  =  [x]  [x]  .'.  x2  =  2.8  x  10‘l3 

x  =  0.529  x  1G‘7  mole/dm3 
Solve  The  Cone,  of  PbCr04  =  0.529  x  10'7  mole/dmJ 

From  the  given  equation  it  is  dear  that  lmole  of  Pb"2  ions  are  formed  from 
Imole  of  PbCr04 

Solubility  of  PbCr04  is  0.529  x  10'7  mole/dm3 


Application  of  Solubility  Product: 

Q.  Should  PbCr04  precipitate  from  a  solution  prepared  by  mixing  100cm  of 
2.5  x  lO^M  Pb  (N03)2  andSoO  cm3  of  1.5.x  10'8M  K2Cr04? 

K5.P  of  PbCr04  =  1.5  x  10'14  moleJ/dm6. 


Solution: 


Conc.ofPb(N03)2  =  2.5  x  lO^M  '  Pn' 

Vol.  of  Pb(N05)2  =  100  cm3  F' 

Cone,  of  K2Cr04  =  1.5  x  10'8M 

Vol.  of  K2Ct04  =  300  cm3 

Kcp  of PbCr04  =  1.5  x  10'1A  mole2/dmJ 

Cone,  of  Pb"2  after  mixing  the  solutions  ,  = 

Cone,  of  Cr04‘2  after  mixing  the  solutions  - 
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■x  2.5x10'*  =  0.625x1  O’*  M 


-xl.5xlO-<=1.125xlO-,M 


Ionic  product  =  [Pb+2]  [CrOf2] 

.Ionic  product  =  [0.625  x  1  O'4]  [1.125  xl0‘8] 

=  7.03  x  10'13 

Since  the  ionic  product  of  Pb*2  and  Cr04'2  is  greater  than  solubility  product^ 
hence  PbCr04  should  precipitate  out  from  the  solution. 

Q.  Should  AgCl  precipitate  from  a  solution  prepared  by  mixing  400ml  of  0.1M 
T-iaCl  and  600  ml  of  0.03  M  AgN03  Ksj>  of  AgCl  =  1.6  x  10'10  mole'/dm3 


Solution: 


Cone.  ofNaCl  =  0.1  M 
Vol.  ofNaCl  =  400ml 
Cone,  of  AgN03  =  0.03  M 
Vol.  ofAgN03  =  600ml 
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Ks.p  of  AgCl  1.6  X  10‘10  moie2/dm6 
600 


Cone,  of  Ag"  after  mixing  =  ~~  x  0.03  '=  0.0]  8  M 


1000 

400 


Cone,  of  Cl  after  mixing  = 

1000  . 

Ionic  product  *  [Ag*]  [CT] 


x  0.1  =  0.04  M 


-  7.2  x  10“*  mole2/dm6 
be  fon^dIO“C  Pr0dUCt  iS  Sr“ter  SOlubility  Product  precipitates  should 

NUMER1CALS  FROM  PROGRESS  TEST; 

Q.  A  quantity*  of  PCI5  was  heated  in  a  12  dm3  vessel  at  250°C 
PC15  ~ .  PCI3  +  C12 

At  equilibrium  the  vessel  contains  0.21  moles  PCU,  032  mole  PCI3  and 
2  moIe  C12.  Compute\the  equilibrium  constant  Ko 


Given  Data; 


PClj  at  eqm  =  0.21  mole 
PC13  at  eqm  =  0.32  mole 
Cl2  at  eq™  =  0.32  mole 
Volume  of  vessel  =  12  dm3 
Cone,  of  reactant  and  products  at  equilibrium 


■sSis 


[pCl3]=[i|2 


[CL 

L  J 

Equilibrium  constant  for  the  reaction 

pci5  ~  ~  PC13  +  C12 

K  _  [PClJfCl.1 

c~  [pey 


Block'i  J'fCentret 

03l^r,alHosptMTUsm9n' 
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Unit  of  K  = 


mole  mole 
_  dm3  driri  • 


"  mole  ■*-  * 


PUc. 


dm3 

mole 


"‘"an 
"  '-**'*622759. 


Bl°ck-j  a7_’1  L*en^e. 


aul 


iKc  =  0.040 


mole 


dm 


0 


Ans. 


Q.  One  mole  of  HI -is  introduced  into  a  vessel  -held  at  constant  temperature. 
When  equilibrium  is  reached  it  is  found  that  0.3  mole  of  I2  have  been  formed. 
Calculate  the  equilibrium  consent,  Kc- 
Given  Data:  •  ’ 

Initial  mole  of  HI  —  1  mole  •  •  r 
Moles  of  I2  at  eqm  ■=  0.1  mole 

Kc  =  ?  •  '  ;  !  ‘  ’’ 

.  2H1  ^=— H2  +  I2 


Initial  moles 
Moles  at  eqm 
Moles  at  eqm 
Cone,  at  eqr 


linole-1 
1-2(0. 1) 
1-0.2 


MT"  '  [MlfH 

v  J  .  L  v  J  L  V  :. 


zero  zero 
0.1  0.1 
0.1  0.1 
y - 

v 


Kr 


Mkl  _ 

[Hlf 


0.1  x  0.1 


ro.r 

ro.r 

.  y 

.  y .. 

'0.8' 

1 

_y_ 

..=  0.0156 


Unit  of  K,  = 


0.64 

.MU 


mole  mole 
- x - 


Q. 


^mole  ^ 

^  v  j 

^2 

Kc  =  0.0156  Ans. 

=  1 
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When  1  mole  of  pure  Ethyl  alcohol  is-  mixed  with  1  mole  of  Acetic  acid,  the 
equilibrium  mixture  contain  2/3  mole  each  of  ester  and  H20.  What  is  the 
equilibrium  constant? 

- ^  CH3COOC2H5  +  h2o 


c2h5oh 

Initial  moles 
Moles  at  eqm 


CH3COOH 

1  mole 
0 

}-- 

3 


lmole 

a 


zero 

2 


zero 

2 


S 


1/3 

’  i  1/3“ 

’2/3] 

2/3. 

v 

!  v 

v  1 

v  ' 
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Cone,  at  eqm  .  • 

K  =  [CH3C00C;H,1  rH,Ol 
LCjHjOH]  [CHjCOOH] 


K. 


Unit  ofK  — 


1/2 


L  x 


\\/z 


2/2 


2x2 


'VJS\ 


=  4 
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p^pmsiPHonr 


a 


riroJe  J  faole-1 
_  v  v 


Q. 


mole  mole 
v  v 


=  1 


Kc  =  4 


How  many  moles  of  ester  are  formed  at 
are  mixed  with  1  mole  of  acid.  ' 

Solution: 

Initial  moles  of  C^HjOH  =  3  moles  ’ 
Initial  moles  of  CH3COOH  =  1  mole 
,Kc  -  4  . 

Moles  of  CH3COOC2H5  (ester)  =  ?  ' 

C2H5OH  +  CH3COOH=^= 
Initial  moles  ■  3  moles  1  mole 

(3-x)  moles 
'3  -  x 


Ans. 


equilibrium  when  3  moles  of  alcohol 


Moles  at  eq® 
Cone,  at  eqm 


-x)  mole 
1-xl 


CH3COOC2H5 

zero 

x 

X 


H,0 

zero 

x 

X 

V 


Kc  = 


4  = 


X 

X 

x" 

X 

(3-x 

L~J 

x2 

*  * 

1 _ 1 

4(3 
4(3- 
4(3- 
12- 
3x2- 
a  = 

x  = 

x  - 

X  = 


X  = 


(3-x)(l-x) 

-x)  (1  -x)  =  x2 
-3x-x  +  x2)  =  x2 

-  4x  +  x2)  =  x2 

- 1 6x  -f  4x2  =  X2 

-  16x+  12  =  0 

3  »  b  =  -16  ,  c  =  12 

-  b  ±  -Jb2  -  4ac 

2a  _ 

-  (-16) ±  A/(- 1 6)2  -4x3  x~j~2 

2x3 

161^/256-144  _  1 6 1  vTl2 

6  6 
16110.6- 


?r-*mlrss!‘ir 

n^en’°rlaiH0ck"l, 

u?6^r69 

2s^ss 


Q'>1c  ,0nai  N  k'l  Ler>tre 
P 


B 
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16  +  10.6  ' 
x  = - =  4.4.  j 


16-10.6.'  ■■  IT 
x  = - =  0.9 


6  ■  '  .  6 
The  value  of  ‘x’  as4.4  is  note  acceptable. because  it  is  greater  than  the  initial 

moles  of  Ci  H5  OH  -  ’  '  T  ' 


|  Moles  of  ester  at  eqm  =  0.9 

Example  -  3: 

In  a  reaction  A  +  B  ^ 


2C.  When_  equilibrium  was  attained  the 
concentration  was  [A]  =  [B]  «  4  moles/dm3  [C]  =  6  moles/dm3.'  Calculate  the 
equilibrium  constant  K c  and  initial  cone,  of  A  and  B:'~ 

Given  Data:  •' 


Concentration  at  eq171  [A]  =  [B]  =  4  moles/dm3 
Concentration  at  eqm  [C]  =  6  moles/dm3 

K  -JcT-  H  _36_,„ 

.  C_[a][b]-[4][4]-16--: 
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:  2C  1  mole  of  A  and  1  mole  of  B 


Q. 


(b)  Initial  Cone,  of  A  and  B 
According  to  the  reaction  A  +  B 
react  to  form  2  moles  of  C.  so  6  moles  of  C  at  equilibrium  are  produced  from  3 
moles  of  A  and.3  moles  of  B.  Thus  the  initial  Cone.  ofA  =  B  =  4  +  3  =  7 
moles/dm3 

PC15  -- 1  1  PC13  +  Cl2 

Calculate  the  number  of  moles  of  Cl2  produced  at  equilibrium  when  1  mole  of 
PCIs  is  heated  at  250°C  in  a  vessel  having  a  capacity  of  10dm3.  Kc  =  0.041 
mole/dm3  > 


Given  Data: 

Initial  moles  of  PCIs  =  1  mole  /’ 

Volume  of  vessel  =  1 0  dm3 

Kc  =  0.041  mole/dm'* 
Moles  of  Cl2  at  eq11’  =  ? 


Pr.r 

nc 


'frOgi! !gw« 

F-a-  Area,  Block  1  *  Centre. 

Memorlji  Hcsp jIa^Kar  Usman 

0315-S29O8o2  /Po'3li.5^|C7h6'„ 


PC15 


Initial  moles 
Moles  at  eqm 

Cone,  at  eqm 


PC13  +  Cl2 
1  mole 
1  -x 


zero 

x 


zero 


w 

X  1  j  X 

.10  _ 

_ToJ  [To_ 

_  [pci,3[ci;] 
c  “  [pci;] 


0.041 


I  x 
1 10 


— 

10J 


1  -  x 


L 10  J 
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0.041  =' 


10(l-x) 


O.T}41*x  10(1  -x)  =  x2. 

-  0.41(1  .-x)  =  x2'“ 

0.41-0.41x  =  x2 
x2  +  0.4 lx  -  0.41  =  0 


a  =  1 


b  =  0.41  ,  c  =  -0.41 

-b±  Vb2  -4ac 


x  = 


*  =  -(Q.4lj±V(Q.41):-4(I)(-Q.41) 
2d)  . 

-  0.41  ±  ^.1681  +  1.64 


x  = 


X  = 


X  = 


X  = 


-  0.41  ±  vL8081 


-0.41  +  1.38 


-0.41  +  1.38 


OR 


x  = 


-0.41-1.38 

2 


S5»«ai 

"-««85s«tes. 


x  —  0.895 

negative  value  of  lx’  which  concentration  not  acceptable 


x  =  0.65 


mole/dm3 


Q- 


[Moles  of  Cl;  at  equilibrium  =  0.65  moles]  Ans. 

Will  Cadmium  hydroxide  precipitate  from  0.01M  solution  of  CdCl,  at 

pH  =  9.  Ks.P  of  Cd(OH)2  =  2.5  x  10-14  mole2/dm6. 


r  r.-iivii 


UJ74T 


Solution: 

Cone.  ofCdCl2  =  0.01  M 

pHofsolution  =9  ,,  ,  - 

KSj>  of  Cd(O^I)2  =-2.5  x  10'14  mole2/dm6  FB Aslf  Centre. 
Precipitation  of  Cd(OH)-,  =  ?•  ’  '  Memori'af  L°Ck'- '  Near  Usman 

Cd(OH):  —  +  20H" 


(v  Cone,  of  CdCl2  =  0.01  M) 


a 


Kp  =  [Cd*2]  [OH ~f 
Cone,  of  Cd^2  =  0.01  M 
F or  Cone,  of  OH~  we  know  that 
pH  -  pOH  =  14 
pOH  =  14  -pH  =  14-9  =  5 
As  we  know  that  [OH-]  =  1  x  10'pOH 
[OH-]  =  1  x  10'5 
Ionic  product  =  [Cd~2]  [OH-]2 

=  [0.01][lxl075]2 

=  1  x  10'12xnole’Vdm9 

.  Since, lhe  value  of  ionic  product  is  greater  than  solubilitv  product  therefore 
precipitate  should  be  formed. 

Practical  centre 
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FIVE  YEAR 


YEAR  20!  5: 

Long  Question.  • 

ycad^a  Le-chaelief  s  Principle.  Apply  this  principle  to  the  manufacture  ofNH3  by  Habers  process. 

I LAK  ZUl?! 

^  n  r*  cv ic  ~ ^ 

{xii)  State  the  law  of  equilibrium.  Derive  the  expression  ofKc'for  the  following  reaction. 

•;  mA  +  nB  xC  +  yD  • 

Long  Question.  .  ' 

Q3(c)  Predict  the  effect,  of  change  in  temperature  and  , pressure  on  the  following 
equilibrium.  * 

PCU  ..  ^  PCI3  +-CL  AH  =  Positive 

N2  +  3H2  t  '  2NH3  AH  =  Negative 

YEAR  2013: 

Short  Question. 

(xiii)  Describe  the  relationship  between  Kc  and  KP. 

Long  Question. 

^  explain  Le-Qhatelier5s  Principle.  How  is  its  applied  in  contact  process. 

T  tAK  2012: 

Short  Question. 

(xiii)  Discuss  the  effect  of  increase  in  temperature  and  pressure  on  the  following 
systems  at  equilibrium. 

.  (a)  N2  +  3H2  . .  2NH3  +  hear  (b)  N2  +  0-.  +  heat  •  ^2NO 

YEAR  2010:  - 

Short  Question.  — 

(\)  What  are  the  applications  of  the  law  of  equilibrium? 

(xiii)  WTiat  is  meant  by  common  ion  Effect?  Discuss  its  application  in  the  precipitation 
of  the  second  group  of  basic  radicals  in  qualitative  sait  analysis 

YEAR  2009:  . 

Long  Question. 

Q-4  (a)  State  and  explain  Le-Chatelier’s  Principle  and  write  down  ^industrial  application. 

Q-5  (b)  Explain  common  ion  Effect  related  to  Ksp  Value’ 

YEAR  2008: 

Q-6  (a)  State  the  law  of  mass  action  and  derive  the  equilibrium  constant  for 

aA  +  bB  ^  cC  +  dD  \ 


Cb) 


State  Le  Chatelier’s  Principle.  For  the  gaseous  equilibrium 


2NO(g)  +  03 


!(£)' 


2N02(S)  AH  =  —  Ve 


d  a-  •  •  •  — 

Predict  only  the  direction  in  which  the  reaction  will  proceed  after  the 
fallowing  changes  are  brought  about  at  equilibrium. 

(i)  Increasing  the  concentration  of  NO 

(ii)  Decreasing  the  concentration  ofNO- 

(^)  Increasing the  temperature  (iv)  Increasing  the  pressure 

YEAR  2007: 

Q.6  (a)  State  the  law  of  mass  action.  Apply  the  law  on  contact  process  to  derive 

its  equilibrium  expression. 

2S02  +  0:  n  2S03 


(b) 


State  Le  Chatelier  s  principle.  Apply  the  principle  on  Haber  process 
interni  of  pressure  and  temperature  for  the  maximum  yield  of  NH3. 

'  '  N2  +  3H2  ~ - ^  2NH,  +  Heat  ' 
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PAST  PAPERS  NUMERICALS  FOR  PRACTICE: 

Equilibrium  Constant 


i2NH3,  the  equilibrium  mixture  contains 


Q.l  For  the  reacfion  N-,  -i-  3R., 

mcix-LT  - cqumonum  mixture  contains 

uv2’  n15M  H2’  u  25°C  Calculate  the  concentration  ofNH;  at  equilibrium 
i  en.Ke  is  9.6.  The  volume  of  container  is  1  rim-  -  -  T19Q41 

Ans.  =0J9mol/dmil  '  (  1 


J  Kjl 


Ans. 

Q3 


Ans. 

Q-4 


Q-5 


Q.6 


Ans. 

Q.7 


Ans. 

Q.8 


Ans. 

Q-9 


Ans. 

Q.10 

Ans. 

Q.ll 

Ans. 


and  0.32  moles  of  Cl2  at  2503C.  Find  the  value  of  Kc'for 
PCI5  v  ~  PCI3  +  Cl2 .  . 


.,CL 


'  —  uiUivJ 


.Ui3 


(1995) 


12€= 


|Kc  —  0.04 
For  the  reaction  H? 

....  .  T  .  **  -T^.  ooibuiaic  uic  concentration  oi  m  at 

equilibrium  when  initialy  one  m61e  of  H2  is  mixed  with  one  mole  of  I2  in  one  litre 

- - ,  '  ’  (1996) 

=  0.77  mole/dm3 


S2HI  Kc  is  49!  Calculate  the  concentration  of  HI  at 


Kc  for  a  reaction  is  0.0194  and  the  calculated  ratio  of  the  concentration  of  the 
reactants  and  products  is  0.01 16.  Predict  the  direction  of  the  reaction. 

(reaction  shift  in  forward  direction)  !  '  !  *’  (1996) 

1 .5  moles  of  acetic  acid  and  1.5  moles  of  ethyl  alcohol  were  reacted  at  a  certain 
temperature.  At  equilibrium,  i  mole  of  ethylacetate  was  present  in  one  litre  of 
equilibrium  mixture;  Calculate  the  equilibrium  constant  (Kc).  (Kc  =  4)  - 

CH3COOH  +  C2H5OH  ^==2t  CH3COOC2H5  +  H20  (1999) 

One  mole  of  PC15  was  introduced  in  a  vessel  of  10  dm3  capacity  at  constant 
temperature.  At  equilibrium,  0.465*  moles  of  Cl2  sas  were  present.  Calculate  Kc 

for  the  reaction.  PCI3  . "  PCI3  -f  CL  ■  noOO) 

Kc  =  0.04| 

For  the  reaction  PCI*  ^  - . >  PCI3  +  CI2,  the  equilibrium  mixture  at  a  definite 

temperature  has  the  partial  pressure  of  gasses  as  Ppcj3  =  0.36  atm,  Ppci3  =  0.82  atm 
and  Pci2  =  0.82  atm.  Calculate  of  KP.  Jf>001) 

Kp  =  1.861  : 

0.2  mol  of  A  and  0.4  mol  of  B  wore  reacied  at  a  certain  temperature  and  allowed 
to  attain  equilibrium  A  +  B  — •  "  2AB.  The- equilibrium  mixture  contained 
I  I  mol  A;  find  Kc  if  the  volume  of  the  container  was  2  0  dm3.  (200-7  P  E) 

Kc  =  T3? 


A  quantity  of  PCI5  is  heated  in  a  6.0  dm3  flask  at  250°C  till  the  equilibrium 
PC1<  ;=  PCI3  -  CI2  is  reached.  The  equilibrium’ mixture  contains  0.16  mol 
PC13,  0.16  mol  CI2  and  0.105  mol  PCI5;  Calculate  the  equilibrium  constant  (Kc) 

_  .  .  .  (2002  P.M) 


Kc  =  0.04 


2C,  When  equilibrium  is  attained,  the  concentration 


In  a  reaction  A  +  B  s== 
of  B  =  4  moLdm  and  C  =  6  mol/dm\  Calculate,  the  initial  and  equilibrium 
concentrations  of  A  (Kc  .=  2.25)  •  •  (2003  P.E)  (2015) 


IConc  of  A  =  4  mol/dm' 


60  e  of  acetic  acid  and  46  g  of  ethylalcobol  are  mixed  with  each  other  at  constant 
temperature  and  allowed  to  attain  equilibrium.  At  equilibrium  58.2  g  of  ethylacetate 
and  1 2  g  of  water  were  present;  find  the  equilibrium  constant  (Kc)  (2003  P.M) 

Kc  =  4 
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Q.12  For  the  reaction  12,  one  mdli'SfHT  is  introduced  into  a  vessel  at 

=wc““ “  5 

Aas.  {mole  of  I?  =  Q.T  tnnlej  ‘  -  -  ' 

Q.13  The  equilibrium  constant  for  the  ruction ->J.  -  n.  ~ _ .*  r^r  , 

concentra'riE'n  ^ 

t**  poncofNj  and  U2  =  (10-1.364)  =  S. 63  mol/dm3] 

Cone  ofNQ  =  2.728  niol/dm3  . 

Q  14  °f  H?  -and-Ia  Present  &  a  flask  along  with 

•  in  which  the  reaction  moves  to  achieve 

A-  (2007  Failure) 

Q'15  ^”",f  +  ^2C'  7  ******  A  and  7  moles/dm3  of  B  were 

—o ^ 

Q‘15  fempeSurd  °f  elhylalcoho1  “*  mixed  at  constant 

conLntX^h 46 

f™  C00H  +  C3H3°H  CHrCOOfiHs  -P  H,0  (2008  Failure) 

A"s-  P°les  of  CH,  COOC-.  H<  =  1,  492  n,7te|  } 

Q-17  The  equilibrium  constant  expression  for  the  reversible  reactions  are. 

'  <i)  K_=  -[EL  „H  '  v  -  [NHjf 

C  [A][B]  00  (2009  Failure) 

Write  the  balanced  chemical  equation  for  the  above 

qj’  “ 25-c *” 

CHiCOQH  +  C3H5QH^=^  CH3COOC,H<  +  HnO  '  * 

Ans*  [Mass  of  ethylacetate  =  58.66gmj 

Q.19  W  hen  the  equilibrium  was  attained  for  the  reaction  A  +  B  -  2C 

The  Concentration  of  |a]=|B]  was  4mol/dm3  and  that  of  C  was  6  mole/dm3. 
Calculate  K c  and  the  initial  concentration  of  A  and  B.  (2009) 

Ajls'  Bk  =  2-25  Initial  cone  of  A  =  B  =  7  moI/dm3[  ^ 

a2°  mol^rffe,Tti0n«HI3T=?H3  +  I:,is  L3  x  I0"  lf  ™  0.5 
Se  r^onmovesm0  V  5  mole/dm3  HI,  Predict  the  direction  in  which 
n  -!re  !~actl0n  moves  50  35  to  achieve  the  equilibrium.  n  oro-) 

K  tor  the  reaction  CH3COOH  +  C2H<OH  =g=^  CH,COOf\H  j.  h  n 
???eratJire  ^^calcukte  the  equilibrium  concentration  of  CH,COOC2Hq  when  - 
CH;COOH  “*  Z17m°leS  °f  QHjOH  are  allowed  cLe  “ 

3-22  The  equilibrium  constant  expression  for  a  gaseous  equilibrium  is  (2012) 

•  k=MM  ■ 

c  pfflJW 
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‘  '*<*  *  a  given  temperature 

the  equiliWm  05 *'  “be  15  ld“  ■  *****  *e  composition  of 

H2  -r  I2  t—  2HI-.,  '  •^•*■.-4  •  (2013) 

Ans.  ConcofH,  =  3-2;6  =  0.4moydm1  ' 

Cone  of  j,  =  4  -  2.6  -  1.4  mol/dm3 

Cone ofK^ 2x2.6  =  5.2 mol/dm3'  V-  f.  : 

7000°C  until  \h~  iAiUiCa  u£  uxy®cn  dre  mixed  and  heated  at 

N3  +  O2T-  -2ND  .  V-  " 

Ans.  fc;  =  50,21) 

Solubility  Product  ‘  *  ‘ 

Q22S  Should  AgCl  precipitate  from  a  solution  prepared  by  mixing  400cm3  o 
^a|600gl of0.03M apo* g  oLgelis^  x  Xof  U 
EEl^e form  Ksp  =  722  x  IQ-  -mniWl  .  „995  mj  . 

product^  °f  Ca‘dUn?  0Xalat'  iS  00016  *«”*■  at  25°C,  ^  its' solubility 

Ms-  fcp  =  1.56  xV‘“  molVdm^j  +  ^  (1998,20*?) 

Ans.  [2.33  x  1Q-*  am/dm3|  (-002  P.E) 

Q'28  fr°"  a  S0]uti0D  P“P»«H*  mixing'  100  cm3  of 

u  M  Pb(CH3COO)2  and  900  cm3  of  1.5  x  1 0-8  M  Na*CrO*> 

•  (K^ofPbCr04i5l.8xl(r14)  ...  ‘  (2002  P.M)' 

AllS‘  lj^P  =  2.7  x  10  •  molVdm0  ppt  are  not  fnrmpHl 

A  tin  *  ' 


400cm3  of.O.lM 
6) 


- — — - - — cr-  —  xu^U| 

Q.29  What  is  the  solubility  of  Pbiz  in  moles/dm3  at  (v  nf  out  •  i  .,-,-9 
mol3/dm'  and  mol.  Mass  of  PW,  is  461)  (  *  f  (2003  P.E) 


Ans.  [6.29xlO~J,mol/dm: 


M  -s*- 

Ans.  1.4  x  10  3  g/dm^ 


QJ‘  ?.a  ^ 

Ans*  <BELm  formeci  KsP  E 7-Q03  X  10-“  mol^/dm6!  (2005) 

Q.32  Fmd  the  K*of  CaCQj  when  solubility  of  CaC03  is  0.001  2/dm3.  -  (2007) 

CaCO;  Ca*2  +  CO:'  ° 

Ans.  &  =  lxlQ-|UmoP/dmbi 

^33  ^.e  S01ubuiry  01  AgCI  is  1.4  x  1 0"-'  g/dm3.  Calculate  K*.  (2007  Failure) 

Ans*  [fcsp  =  9.6  x  10~u  molvdm6} 

Q34  The  solubility  of  A2CI  at  2dcC  k  1  a  v  in--  3  .  . 

J  g  at  2D  c  ts  l.-r  x  10  g/om  .  What. is  its  solubility  product. 

-Ans.  [Ksd  =  9.6  y  ifriJ  (2013,  2008) 
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Q35  The  solubility  product  ofcalcium  oxalate. is  1.5625  x  ICC10  mole2/dm6.'  ' 

Calculate  its  solubility. ,  -  •  (2008  Failure) 

Ans.  {Solubility  =  1.6  x  1Q~3  g/dm3! 


Q.36  The  given  reaction  is  Pbl2  ^==  _ v 

Pbl2  =  0.63' x  10  3  mole/dmJ.  Find  the  value  of  Ksp  and  express  it  unit 


:  Pb‘“-^-2I.  At  25 CC  The  solubility  of 


•S 


Ans.  jKsp  =  1.1  x  10~*  moi3/dm' 


Q37  Calculate  the  solubility  product  of  PbCr04  when  die  solubility  of  PbCrO*  is 
1.0  x  1Q~3  grams/dm3  .  ...  (2014) 

Ans.  jKsp  =  9.579  x  10~n  moI2/dm*j 

Q38  What  is  the  ionic  concentration  of  Ag"  ion  and  CrO«“  in  a  saturated  solution  of 


Ag,  Cr04  at  25°C  Ksp  of  Ag  CrC4  is  1.9  x  10‘12  mole3/dm9 

MULTIPLE  CHOICE  QUESTIONS: 


(2015) 


(1) 


(2) 


(3) 


(4) 


(5) 


(6) 


(7) 


(8) 


(9) 


The  equilibrium  mixture  contains:-. 

a)  Reactant  only  b)  Products  only 

c)  Both  reactant  &  products  d)  No  product  at  all. 

Which  of  the  following  reaction  is  not  affected  by  the  change  in  pressure? 


a)2S02-f  02F=i2S05. 
c)H2-C135=^2HC1. 

K  p  >  Kc  when: 
a)  moles  of  product  are  less 
c)  moles  of  reactant  are  more 
The  value  of  Kc  increases  when: 
a)  [Product]  is  less 
c)  [Product]  is  more 


b)  2O3  <=*  302 
d)  None  of  these. 

b)  moles  of  product  are  more 

d)  moles  of  reactant  and  product  are  equal 

b)  [Reactant]  is  more 
d)  [Reactant]  =  [Product] 


The  reaction  of  carboxylic  acid  with  alcohol  to  form  ester  and  water  is  called: 
a)  Neutralization  b)  Hydrolysis 

c)  Equilibrium  state  d)  Esterification. 

Formation  ofXtnmonia:  N2  +  3H2  2NH2  is  favoured  at: 

a)  High  pressure  b)  Low  pressure 

c)  High  Temperature  .  d)  200°C 

The  reaction  PCI3  +  Cl2  PCI5  ■will  shift  in  backward  direction  if: 

a)  [PC13]  is  increased  b)  [Cl2]  is  increased 

c)  [PC)5]  is  increased  d)  [PCI*]  is  decreased 

A  substance  forms  precipitates  when  its: 

a)  ionic  product  >  ksp  b)  ionic  product  <  ksp 

c)  ionic  product  =  ksp.  d)  kc  =  ksp 

Kc  expression  for  a  reaction  2A  +  B  ?=*  2C  will  be: 

aUcIiM  b)Kc=-H—  cl  [cf  d)Kt.  [-C1 

Lc]  •  — -  -  ----- 


[A]-  -r  [B] 


[2 A  3  [B] 
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(10)  A  solution  in  which.more  solute  can  be  added  at  room  temperature  is  called: 

a)  Saturated  soln  b)  Unsaturated  soln 

c)  Super  =  saturated  soln  d)  collidal  soln  * 

(11)  lithe  ratio  of  concentrations  of  product  to  reactant  at  initial  state,  is  less  than  Kc; 

the  reaction  moves  in:  "  . . 


a)  reverse  directi  on 


vv 


0 


c)  both  directions  equally  d)  None  of  these 

(12)  The  rate  of  forward  reaction  in  an  exothermic  reaction  will  increase  on: 
a)  Increasing  temperature 
c)  Increasing  Pressure 

(13)  The  unit  of  ksp  for  Mg(OH)2  will  be: 
a)  mol.  dm-3 
c)  mol2,  dm-* 

(14)  Solubility  divided  by  molecular  mass 
a)  concentration 
c)  Kc 

(15)  A  gaseous  equilibrium  having  Kc  =  K 

a)  increasing  volume  of  product  b)  decreasing  volume  of  product 

c)  increasing  volume  of  reactant  d)  no  change  in  volume 

(16)  Kc  =  I0"13  shows  that: 

a)  Forward  reaction  occurs  to  a  negligible  extent 

b)  Very  small  concentration  of  product  is  formed 

c)  Reactant  is  fairlv  stable  and  does  not  form  product 

d)  All  of  above  are  true. 

(17)  The  Kc  value  for  Hi  +  I2?=£  2HI  averages  to: 

a)4  b)  54  c)  5.4  'd)  0.01 

(18)  If  initial  mole  of  reactant  is  ‘b’  and  it  forms  ‘x’  mole  of  product  at  equilibrium 

state,  the  reactant  left  at  this  state  will  be:  • 

a)b  +  x  b)  b ~x  c)x-b  d)x  +  b 

(19)  If  a  positive  catalyst  is  added  in  a  reaction,  its  Kc: 

a)  increases  b)  decreases  c)  does  not  change  d)  both  a  &.  b 

(20)  The  rate  constant  (Kc)  is  a  ratio  of  the  two: 

a)  rate  constants  b)  equilibrium  constant 

c)  [Reactant]  /  [Product]  d)  rates 


b)  Decreasing  temperature 
d)  Decreasing  pressure 


b)  mol2,  dm-3 
d)  mol3,  dm"9 
Is  eqWl  to: 
b)  Ksp 
d)  Kp 

d  proceeds  with: 


^  ■* 

Qj  ^  -^-.O 

/Jo  1  t 


Q3 


Cl  o,’.1 
Qa  ~- 

o  >» 

^  0^0-  03 
^  O,  O  Co 

Oi  •'*'  r 


.  -  >■  -li. 

'U  V  fj)  Cl) 


-1 

^5  -  - 
~  5  4; 
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ANSWER  KEY 


I? 


W 


1 —  i 

1  ' 

BH 

m 

•  (8)  a 

.  (9)  b 

(11)  a 

(12)  b 

-  (13) d 

(14)  a 

•  (15)  d 

(16)  d 

w 

(18)  b 

■ 

(19)  c.  . 

(20)  a  . 

c  o  r  *  ».  6Sd/i 
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SOLUTION  AND  SUSPENSION  Q 


SOLUTION: 


A  h°™genous  mixture  of  solute  and  solvent  is  called  solution. 

OR 

-*  *■*•"**  -  -J  •  -  ^  ..ivi  s'  JK1/JI UUL.C.S  J UlUUuiU 

e*g.  Salt  and  water  uniformly  mixed  to  form  a  solution. 

Sugar  and  water  uniformly  mixed  to  form  a  solution. 

Grease  and  petrol  uniformly  mixed  to  form  a  solution. 

SUSPENSION:  - 

A  heterogeneous  mixture  of  two  or  more  substances  is  called  suspension. 

e.g.  Sand  and  water  do  not  mix  together,  so  a  suspension  is  formed. 

Oil  and  water  do  not  mix  together,  so  a  suspension  is  formed. 

SOLUTE: 

The  substance  which  is  to  be  dissolved  in  other  substance  to  form  a  solution  and 
present  m  lesser  amount  is  called  solute. 

C.g.  .Sugar  and  salt  are  used  as  solute  in  their  respective  solutions 

SOLVENT: 

— 1 oth"  “ces  in  ir  and  is  presem  in 

e.g.  Water  is  used  as  a  solvent  in  'the  aqueous  solutions  of  all  the  substances. 

AQUEOUS  SOLUTION: 

A  solution  which  contains  water  as  solvent  is  called  aqueous  solution. 

TYPES  OF  SOLUTION  ACCORDING  TO  AMOUNT  OF  SOLUTE 

Following  are  the  types  of  solutions  according  io  the  amount  of  soluie: 

i)  UNSATURATED  SOLUTION: 

™mS°!Utl0n  Which  C°ntains  lesser  amount  of  solute  than  its  required  capacitv  at 
x  oom  temperature  and  pressure  is  called  unsaturated  solution. 

»)  SATURATED  SOLUTION: 

The  solution  which  contains  maximum  amount  of  solute  and  can  not  dissolve 
more  solute  ,n  „  at  room  temperature  and  pressure  is  called  Saturated  soiudon 


Hi)  SUPERSATURATED  SOLUTION: 


UTien  a  saturated  solution  is  heated,  more  amount  of  solute  can  be  dissolved  in  it 
uch  a  solution  is  called  Supersaturated  solution. 
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Preparation  of  Urisaturated  solution 

•.'.C  '-Take  a  few  crystals  of  sugar  and 
dissolve  them  In  a  beaker  containing  1 00 
ml  (cmJ)  of  water.  As  a  result,  an 
unsarurated  solution  is  obtained,  because 

•Vic  t...  . _ ..  t*..  .i.., 

more  crystals  .of  sugar  (solute,)  at  room 
temperature.  This  solution  ‘  Is  called 
unsaturated  solution. 


IX-Chemistry  Chapter#  7,  Page#  4 


crystals 


Solution 


Preparation  of  Saturated  solution: 

Take  some  sugar  and  dissolve  in  a  beaker  containing  1 00  ml  (cm')  of  water.  After 
dissolving  the  sugar,  add  more  sugar  uniil  the  added  crystals  start  to  settle  down  at  room 
temperature.  This  solution  is  called  saturated  solution. 


Preparation  of  Supersaturated  solution: 

Take  a  saturated  solution  afid  dissolve  more  solute  by  heating  it.  Thus  a  solution  is 
formed  which  contains  more  solute  than  its  holding  capacity.  This  solution  is  called 
supersaturated  solution. 

TYPES  OF  SOLUTIONS  ACCORDING  TO  CONCENTRATION 

i)  DILUTE  SOLUTION: 

That  solution  contains  less  amount  of  solute  than  other  solution. 

ii)  CONCENTRATED  SOLUTION: 

That  solution  contains  more  amount  of  solute  than  other  solution. 

TYPES  OF  SOLUTIONS  ACCORDING  TO  PASSAGE  OF  CURRENT 

i)  NON  ELECTROLYTE: 

A  solution  through  which  electric  current  cannot  be  passed. 

Non -electrolytes  are  also  known  as  non-polar  covalent  compounds. 

Organic  compounds  are  categorized  as  non-electrolytes. 

e.g.  sugar  solution,  alcohol. '.benzene,  thinner  (acetone),  petrol,  kerosene  oil. 
mineral  oil.  cooking  oil,  etc.  ^ 

ii)  ELECTROLYTE: 

A  solution  through  which  electric  current  can  be  passed. 

Electrolytes  are  also  known  as  polar  covalent  compounds. 

Inorganic  compounds  and  ionic  compounds  are  categorized  as  electrolytes. 
e.g.  acid  solutions,  alkali  solutions  and  salt  solutions. ' 

Types  of  Electrolytes: 

a)  Strong  Electrolyte: 

A  substance  that  ionizes  completely  when  dissolved  in  water  or  in  molten  form 
c.g.  HC1.  HNO? .  H:S04 .  NaOH.  KOH,  Ca(OH)2 .  NaCl.  etc. 

b)  Weak  Electrolytes: 

A  suostance  that  ionizes  partially  when  dissolved  in  water  or  in  molten  form 
e.g.  H;C03 ,  CH.COOH  .  H3PO4,  NR*  OH,  Mg(OH)2  .  Cu(OH);  .  etc. 
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EXAMPLES  OF  MIXTURES 


Solute 

Solvent 

Examples 

Solid 

Solid 

Alloy’s  such  as  Brass  (Cu  and  Zn),  Bronze 
(Cu  and  Sn).  Steel  (C  and  Fe).  Glass,  etc. 

JOilU 

i-iquju 

.sugar  in  water,  iait  m  water.  Sea  water,  etc. 

Solid 

Gas 

Smoke  (Carbon  particles  in  air),  etc. 

Liquid 

Solid 

Amalgam  (e.g.  Mercury'  in  Sodium),  Water  in 
iellv  powder,  etc. 

Liquid 

Liquid 

Water  in  milk.  Milk  in  tea.  Alcohol  in  water. 
Vinegar  (Acetic  acid  in  water),  etc. 

Liquid 

Gas 

Cloud  (Water  vapour  in  air),  Steam  .  etc. 

Gas 

Solid 

Hydrogen  gas  adsorbed  over  Palladium  and 
Platinum  metal  surface,  etc. 

Gas 

Liquid 

Carbonated  soft  drinks  such  as  Pepsi,  Sprite, 
Ammonia  gas  in  water,  Air  dissolved  in  water, 
etc. 

Gas 

Gas 

Air  contains  78%  N3t  21%  03  and  1  %  other  gases 
bv  volume. 

SOLUBILITY  (SOLUBILITY  OF  SOLUTE): 

“Hie  maximum  amount  of  solute  which  is  required  to  saturate  lOOg  of  solvent 
(water)  at  particular  temperature  and  pressure  is  called  Solubility". 

FACTORS  AFFECTING  SOLUBILITY: 

Following  are  the  factors  which  affect  the  solubility  of  a  solute: 

(0  Temperature  (ji)  Pressure 

(Hi)  Nature  of  solute  and  solvent 

i)  EFFECT  OF  TEMPERATURE  ON  SOLUBILITY: 

a)  Solid  in  liquid:  . 

The  solubility  or  solid  in  liquid  increases  with  increase  in  temperature. 

sptoMhy  of  sugar  in  water  at  0°C  is  179  g  /  100  ml  (cm3)  whereas  at 
100  C.  it  is  487  g-  100ml. 

b)  Liquid  in  liquid: 

The  solubility  or"  liquid  in  liquid  slightly  increases  with  increase  in 
temperature.  “  - 

c)  Gas  in  liquid: 

i  he  solubility  of  gas  in  liquid  decreases  with  increase  in  temperature. 

e.g.  when  a  glass  of  coid  water  is  warmed,  bubbles  of  air  are  seen  inside  the  glass. 
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ii)  EFFECT  OF  PRESSURE  OK  SOLUBILITY: 


a)  Solid  in  liquid: 

There  is  nn  effect  c 


:  on  the  solubility  of  solids  in  liauids. 


b)  Liquid  in  liquid: 

There  is  no  effect  of  ] 

c)  Gas  in  Liquid: 


:  on  the  solubility  of  liquids  in  liquids. 


The  solubility  of  a  gas  in  liquid  in  creases  by  increase  in  pressure.  This  is 
according  to  Henry's  law. 

e.g .  In  soft  drinks  (carbonated  drinks  i.e.  Pepsi,  Sprite,  etc.),  CO2  is  filled  with 
slightly  greater  than  1  atmospheric  pressure  because  at  normal  pressure,',  CO2  is 
slightly  soluble,  so  more  pressure  is  required.  ^ 


HENRY'S  LAW: 

Amount  of  a  gas  dissolved  (m)  in  a  liquid  is  directly  proportional  to  the  pressure 
(P)  of  the  gas.” 

m  cc  P 

m  -  kP 

Where 

m  :  Amount  of  gas  dissolved 

k  :  Constant 

P  :  Pressure 


ill)  EFFECT  OF  NATURE  OF  SOLUTE  ON  SOLUBILITY: 

Solubility  of  substance  works  with  a  proverb  “ Like  Dissolves  Like”. 

Therefore: 

>  Ionic  solids  are  only  soluble  in  polar  solvents,  being  similar  common  salt  and 
many  other,  ionic  substances  are  soluble  in  water  because  water  is  a  polar 
comDound. 


Polar  substances  are  soluble  in  polar  solvents,  being  similar  HCl  is  soluble  in 
waier  because  water  is  a  polar  compound. 

Non-polar  substances  are  soluble  in  non-polar  solvents  being  similar  like  oils, 
grease,  nail  polish  are  soluble  in  non-polar  solvents  like  alcohol,  benzene,  thinner 
(acetone),  petrol,  etc. 
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CRYSTALLIZATION: 

The  process  of  formation  of  geometrical  shaped  solid  substances  from  their 
aqueous  solution  is  called  Crystallization. 

Properties  of  Crystalline  Substances: 

(i)  They  are  homogeneous  solids. 

iui)  they  nave  regular  and  definite  shapes. 

(iv)  They  contain  water  molecules  which  are  called  water  of  crystallization. 

Preparation  of  Crystals  of  Copper  sulphate  CUSO4.5H2O  (Blue  Vitriol): 

To  prepare  the  crystals  of  Copper  sulphate,  first  its  saturated  solution  is  prepared 
m  a  beaker  at  room  temperature  and  then  more  quantity  of  Copper  sulphate  is  added  to 
make  supersaturated  solution  by  heating  and  stirring  the  solution  continuously  with  a 
glass  rod.  Now  allow  this,  supersaturated  solution  to  cool  down  upto  room  temperature. 
On  cooling  and  standing,  blue  coloured  crystals  of  Copper  sulphate  are  formed.  T^ie 
shape  of  these  crystals  can  be  observed  under  the  microscope.  \ 

PURIFICATION  OF  SOLIDS  BY  CRYSTALLIZATION: 

Process  of  Crystallization: 

Following  are  the  steps  by  which  solid  can  be  purified  through  crystallization: 

1)  Preparation  of  Supersaturated  solution 

ii)  Filtration  of  Hot  Supersaturated  solution 

iii)  Formation  of  Crystals 

iv)  Filtration  and  Drying  the  Crystals 


(i)  Preparation  of  Supersaturated  solution: 

Take  50  ml  of  water  in  a  beaker  and  add  the  impure  sample  (40a)  of  KNCh  to  it. 
’  solution  rp^v!011  ulth  2Srr0d‘  Gsntly  supply  heat  d11  the  temperature  of  the 

of  th^olid  is  r  S0lU,i0n  asain  al  m  IemperaIure  tnl 

(ii)  Filtration  of  Hot  Supersaturated  solution: 

“d  coiieci  the  residue  °n  45  fii,cr  paper  and 

(iii)  Formation  of  Crystals: 

St3fiDS  SOlUtiOD  upl°  room  Tsmperarure.  the  ervsuls  of 
rotasiium  nitrate  will  start  appearing. 

(iv)  Filtration  and  Drying  of  the  Crystals: 

”P° ’  C°’S‘a,1S  r^™Cd'  ®ter  il  aSa“  and  «•“«*  «  a 

hv  W  PId  ^'!lals  ofKNO:-  are  obtained  on  the  filter  paper.  Drv  the  crvstaN 
by  keeping  them  in  between  dry  filter  paper.  “  ' 

Note: 

SLfllt;TJ0ntainS-SOme  qUar‘ri!y  of  *e  “ssolved  KNO,  alongwith  NaCl. 
Dving  a  soluble  impuntv. 
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iii)  Volume  By  Mass  Percentage  Concentration  (%  by  V/M): 

If  2  paraciUa|-  volume  of  solute  is  dissolved  in  a  particular  mass  of  solution,  the 
percentage  concentration  is  called  Volume  bv  Mass  percentage  concentration. 


%bvV'M  = 


Volume  of  solute 


x  1  00 


e.g.  20  %  V/M  of  Hydrochloric  acid  ( HC l)  solution  means  20  era5  of  HCl  dissolved 
in  100  g  of  solution. 

iv)  Volume  By  Volume  Percentage  Concentration: 

If  a  particular  volume  of  solute  is  dissolved  in  a  particular  volume  of  solution, 
the  percentage  concentration  is  called  Volume  by  Volume  percentage 
concentration. 

0/  ,  « r n r  Volume  of  solute  , 

°/o  by  V/V  =  - —  x  1  0  0 

V olum e  of  solution 

e.g.  30  %  V/V  Acetic  acid  (CHjCOOH)  'solution  means  30  cm3  of  Acetic  acid 
dissolved  in  70cmJ  of  water  to  make  100'^m3  of  solution. 

SUSPENSION: 

A  heterogeneous  mixture  of  two  or  more  substances  is  known  as  Suspension. 

COMMON  EXAMPLES  OF  SUSPENSION  IN  DAILY  LIFE: 


S.  #  Name 


1  Emulsion 


Mixture  (Suspension) 


A  suspension  of  two  or  more  immiscible 
liquids. 


A  suspension  of  gas  (air)  in  liquid. 


A  suspension  of  fine  panicles  of  soil  in  small 
amount  of  liquid. 


A  suspension  of  the  particles  of  Carbon  in  a  gas 


Soluble: 

Insoluble: 

Miscible: 

Immiscible: 


This  word  is  used  for  solid  that  dissolves  in  other  liquid. 

This  word  is  used  for  solid  that  doesnot  dissolve  in  other  liquid. 

This  word  is  used  for  liquid  that  dissolves  in  other  liquid. 

This  word  is  used  for  liquid  that  doesnot  dissolve  in  other  liquid. 
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EXERCISE 

1.  Fill  in  the  blanks: 

(i)  Solution  is  a  homogeneous  mixture  of  two  or  more  substances. 

(ii)  The  most  common  solvent  in  nature  is  water. 

TO  '  An  SqueoiiS'  is  the  solution  when  the  liquid  solvent  is  water. 

ino/  _ _ 

(v)  M  is  the  symbol  for  the  concentration  unit  of  molarity. 

2.  Tick  the  correct  answer: 

(l)  The  suspended  particles  in  suspension  are  generally  of  the  size. 

(a)  lOnm  '  (b)  lOOnm  (c)  UOOnm  V  (d)  lnm 

(ii)  The  sum  of  the  mole  fraction  of  solute  and  solvent  is  equal  to: 

fa)  5  (b)  2  (c)  0  '  (d)  1  y 

(m)  Solubility  is  defined  as  the  amount  of  solute  in  gram  at  a  given  temperature 

dissolved  in _ of  the  solvent:  * 

(a)  20g  (b)  100g  V  (c)  10g\  (d)  2000g 

(iv)  The  process  in  which  a  solid  directly  changes  tc^vapours  is  known  as: 

(a)  Sublimation  V  (b)  Evaporation  (c)  diffusion  •  (d)  Fusion 

(v)  The  solubility  of  a  gas _ with  the  rise  in  temperature. 

(a)  Increase  (b)  Decrease  V  (c)  remains  unchanged 

3.  Tick  true  or  false: 

(i)  The  process  of  converting  a  solid  into  liquid  at  its  melting  point  is 
called  fusion.  (True) 

(n)  A  suspension  is  a  homogenous  mixture  of  two  or  more  substances.  (Fake) 

(iii)  The  solution  that  contains  maximum  amount  of  solute  in  a  given  solvent 
at  specific  temperature  is  a  saturated  solution.  (True) 

(iv)  Crystals  have  irregular  geometrical  shape.  (False) 

(v)  Smoke  is  a  suspension  of  carbon  in  air.  (True) 

4.  Write  answer  of  the  question: 

(i)  Define  the  following  terms: 

(a)  Solute  ' 

Answer  on  page  #  3 

(b)  Solvent 

Answer  on  page  #  3 

(c)  Solubility 

The  maximum  amount  of  a  solute  that  can  be  to  dissolved  in  1  OOe  of  solvent 

(water)  at  particular  temperature  and  pressure  is  called  the  solubility  of  the  solute. 

(d)  Crystallization 

Answer  on  page  #  7 
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(ii)  Name  the  solute  and  solvent  in  the  following  solutions: 

o 


Solute 


Jellies 

Water 

Smoke 

Carbon  Particles 

Mercury  . 

Cheese 

Water 

Foam 

Air 

Mist  (Spray) 

Water 

OliLLui 


F 


Air 


Fruit  Pul 


Air 


Sodium 


Fat 


Water 


Water  Air 


(iii)  Discuss  the  factor  affecting  the  solubility. 

\  Answer  on  Page  #  5  and  6 

(iv)  Explaii^whv? 

(a)  Common  salt  dissolves  in  water  but  not  in  petrol. 

As  common  salt  is  an  ionic  compound  while  petrol  is  non-polar  covalent  compound, 
due  to  different  nature,  common  salt  is  insoluble  in  petrol. 

(b)  Cold  drinks  are  bottled  under  a  C02  pressure  greater  than  1  atmosphere. 
Because  the  C02  is  slightly  soluble  at  1  atmospheric  pressure,  it  is  filled  in  cold 
drinks  at  higher  pressure  than  1  atmosphere. 

(c)  100ml  solution  of  KN03  cannot  hold  more  than  37gm  of  KN03. 

The  solubility  of  KN03  at  room  temperature  is  37g.  Therefore,  100ml  solution  of 
KN’Oj  cannot  hold  more  than  37g  of  KN03in  dissolved  state. 

(v)  Calculate  the  molarity  of  solution  containing  16g  Glucose  per  300  ml  solution. 


DATA 

Given: 

Mass  of  solute 
Volume  of  solution 
Molar  mass  of  Glucose 

REQUIRED: 

Molarity  =  ? 

FORMULA: 

.  .  Mass  ■ 

M  = - 


SIDE  WORK 


16  g 

Cfe  = 

12x06 

-  72g 

300  ml  I 

Ho« 

01  x  12 

=  32s 

180s 

O*  = 

16  x  06 

-  96g 

Molar  mass  of  Glucose  =  ]  80c 


Mass  of  solute  in  cram 


Molar  mass  *  Volume  of  solution  in  ml  or  cm5 


SOLUTION 

ANSWER 


..  16  x  1000 

M  - - 

180  x  300 
Molarin-  -  0.296  mol  /  dm* 
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(vi)  Find  the  mass  of  Sucrose  (Molecular  mass  =  342)  required  to  be  dissolved 
per  600cm'  solution  to  prepare  a  semi-molar  solution. 


DATA: 

Given:  Molarity  =  semi  molar  =  0.5  mol  /dm3 

Volume  of  solution  =  600  an3 

mass  oi  sucrose  — 

REQUIRED:  ~ 

Mass  of  solute  =  ? 

FORMULA: 

Mass  of  solute  =  mo^ty  x  molar  mass  of  solute  x  volume  of  solution  in  cm3 

1000 

SOLUTION: 

Mass  of  solute  —  —  ■  — _ - _ _ x  600 _ 

\  1000 
Mass  of  solut\=  102.6  g 


Mass  of  solute  - 


Mass  of  Sucrose  =  102.6  p! 


(vu)  ^.3g  Na,  CO,  was  dissolved  in  800g  water.  Calculate  the  molality  of  solution. 

DATA: 

Given  . . .  . 

_ SIDE  WORK _ 

Mass  of  solute  =  5.3  g  . . 

Mass  of  solvent  =  800  g  £>5  ‘  !> 

Molar  mass  of  Na=CO,  =  106g  O?  =  16  x  03  =  48e 

Molar  mass  of  Na-CCh  =  1  06e 

REQUIRED:'  |L  ■■■■  '  ~  U 

Molality  ==  ? 

FORMULA:  ^ 

Molality  =  Mass  of  solute  (g)  x  1000  SsSi| 

Molar  mass  x  Mass  of  solvent  (g)  >-S  § 

<x>  o  eo  5s 
'■j  —  _  JU  ^  — o 

SOLUTION: 

o  o  c n  — — t 
ro  O  o  — — 

Molality  =  — — - - - L°£2  §  I  z  V  20 

106  k  800  r«2sI 

ro 

|— - -  w  “  »  =*  CT-J 

Molality  =  0.0625  mol !  A>|  S  -  3  j; 


o"H.  ^  -  rro 

S  sr  v  >  «*=> 
r  ”  »  ~  ^ 

S  ^  “  O  c=? 

W  “  ^  3  CT_> 
—  3  - 

=2  3.  to  — < 


-n 

cn 

33 

C3 

n 

> 

o 

*o 

rn 

ID 

q-j- 

=X5 

a» 

<T> 

— O 
=33 

ro 

C3 

cn 

— - I 

^.3  x  loop 

106  x  800 
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(viii)  It  is  desired  to  prepare  3  molal  solution  of  NaOH.  What  mass  of  It  must  fie 
dissolved  in  1500g  of  water? 

DATA:  * 

Given: 

Molality  =:-  3  mol /Kg 


Molar  mass  of  NaOH- 

REQUIRED: 

Mass  of  solute 


3  mol  /  Kg 
40s 


FORMULA 

Mass  of  solute  = 

SOLUTION: 


molality  x  molar  mass  of  solute  x  mass  of  solvent  (g) 
1000 


Mass  of  solwe  = 


3x  40x1500 


1000 

Mass  of  solute  =  1 80  g 

Mass  of  NaOH  =180  g 

(ix)  Differentiate  between  •  '  ’  1 

(a)  Saturated  and  unsaturated  solution  (b)  Solution  and  suspension.  ' 

SATURATED  AND  UNSATURATED  SOLUTIONS 


s.# 

SATURATED  SOLUTION 

UNSATURATED  SOLUTION 

1 

It  contains  the  maximum  solute  that  it 
can  hold  at  normal  temperature. 

It  contains  the  lesser  amount  of  solute 
than  the  holding  capacity  of  solvent. 

1 

It  is  denser  than  unsaturated  solution. 

It  is  lighter  than  saturated  solution. 

3 

It  can  not  dissolve  more  solute  in  it. 

It  can  dissolve  more  solute  in  it. 

SOLUTION  AND  SUSPENSION 


S.# 

SOLUTION 

SUSPENSION 

1 

The  size  of  their  particles  is  0.1  nm  to 

1  nm. 

The  size  of  their  particles  is  1000  nm 
or  more. 

They  are  generally  transparent. 

*  r  ^ 

They  are  not  transparent. 

D 

Their  particles  do  not  settle  down. 

Their  particles  settle  down. 

They  are  homogeneous  mixtures. 

They  are  heterogeneous  mixtures. 

5 

Their  components  cannot  be 
separated  by  filtration. 

Tneir  components  can  be  separated 
by  filtration. 

6 

Panicles  of  solution  cannot  be  seen 
through  low  power  microscope. 

Particles  of  suspension  can  be  seen 
through  low  power  microscope. 
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ELECTROCHEMISTRY 


The  branch  of  chemistry,  that  deals  with  the  relationship  between  electricity  and 
chemical  reactions  Le.  the  conversion  qfvlectrical  energy  into  chemical  energy  or  vice 
versa,  is  known  as  Electrochemistry. 

•  -  “•  ..  OR  ; 

.f  Jhe  branch  of  chemistry,  which  deals  with  the  study  of  relationship  between 
ciectroch  emistry. 

ELECTROLYTES:  .  -  ^ 

“ The  chemical  compounds  which  conduct  electricity  through  molten  or  in 
aqueous  solutions  are  called  electrolyte.  ” 

OR  ; 

“A  solution  through  which  electric  current  can  be  passed  is  called  Electrolyte.  ” 
Inorganic  compounds  (Ionic  and  Polar  covalent)  are  categorized  as  electTolvtes. 

Examples: 


All  acids,  bases  and  salts  (in  aqueous  solutions  or  fused  state)  are  electrolytes': 
Hydrochloric  acid  (HC/)  ^  Sulphuric  acid 

Sodium  hydroxide  (NaOH)  Sodium  chloride  (NaC/) 

Copper  sulphate  (CiiSt)4)  ***  ■  Acidified  Water, • -etc-  •  -  '  .  .  ;;V':  ‘ 

Explanation: 

Ionic  and  polar  covalent  compounds  are  examples  of  electrolytes  Tike  acids  and 
bases.  Salts  are  ionic  compounds  and  are  solids.  These  solids  do  not  conduct  electricity 
because  in  the  solid  state  their  ions  are  very'  tightly  packed  or  held  together  showing  no 
movement  of  the  ions. 

However,  when  an  ionic  solid  is  melted  (fused),  or  dissolved  in  water,  its  ions 
become  free  .to  move.  This  conduction  is  due  to  the  free  movement  of  ions. 

No  substance  can  be  electrolyzed  unless  it  conducts  electricity.  But  all  the 
conductors  are  not  electrolytes.  Metals  are  good  conductors  but  they  are  not  Electrolytes. 

HON  -  ELECTROLYTES: 

“The  chemical  compounds  which  do  not  conduct  electricity  through  molten  or 
in  aqueous  solutions  are  called  non-electrolytes. n 

OR  - 

“A  solution  through  which  electric  current  cannot  be  passed  is  called 
Non-electrolyte 

Organic  compound  (non  polar  covalent)  are  categorized  as  non  electrolytes. 

Non  metals  are  bad  conductors  or  insulators  but  the v  are  not  Non-electrolvtes. 

Example: 


Sugar  solution,  Petrol.  Benzene.  Kerosene  oil,  cooking  oil,  pure  (distilled)  water, 
etc. 
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ELECTRIC  CURRENT:  r  ^  '  ■ ' 

“ The flow  of  charge  per  unit  time  is  called  Electric  Current  ” 

Its  Si.  unit  is  Ampere.  t  - 

AMPERE: 

" The  amount  of  current  passed  through  a  circuit  for  one  second,  that  can 

~  7  *  ~°y  *  7  "  .  _  * 

^  J  O  *  - 

one  Ampere.”  - 

OR 

uIf  one  Coulomb  charge  flows  through  a  conductor  in  one  second,  the  amount 
of  electric  current  is  called  one  Ampere.  ” 

COULOMB:  ‘ 

If  one  Ampere  of  electric  current  is  passed  for  one  second,  then  the  quantity  of 
charge  is  known  one  as  Coulomb. 

Its  S.I.  unit  is  Coulomb. 

Electric  charge  =  Axt  \ 

•  1  Coulomb  (C)  =  (1  Ampere)  x  (1  second) 

FARADAY: 

96500  Coulombs  charge,  passed  through  an  electrolyte,  is  called  One  Faraday  (F).  i 
IF  =96500  C 

ELECTROCHEMICAL  EQUIVALENT  (Z): 

The  amount  of  a  substance  deposited  or  liberated  during  electrolysis,  when  one 
Coulomb  charge  is  passed  through  an  electrolyte,  is  called  Electrochemical 
Equivalent 

Its  S.I.  unit  is  Kg  /  Coulomb  (Kg/C). 

Even’  element  has  its  own  electrochemical  equivalent. 

FARADAY'S  FIRST  LAW  OF  ELECTROLYSIS: 

"The  amount  of  any  substance  deposited  or  liberated  at  an  electrode  during 
electrolysis  is  directly  proportional  Jo  the  amount  of  electric  current  and  the  time.  ” 


“ The  mass  of  an  element,  discharged  during  electrolysis,  is  directly  proportional 
to  the  time  and  the  magnitude  of  electric  current .” 

Explanation: 

According  to  the  law. 

W  x  Axt 


Where 


Z  x  A  x  t 

mass  of  the  element  deposited  or  liberated 
electrochemical  equivalent  of  the  substance 
amount  of  electric  current  in  ampere 
time  in  seconds 
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FARADAY'S  SECOND  LAW  OF  ELECTROLYSIS: 

a“Zhe  rmaSSeS  differen!  substatiHia  deposited  or  liberated,  when  the  same 
,  ^  current  ts  passed  through  different  electrolytes,  connected  in  series,  are 

proportional  to  their  equivalent  masses.  ”  *■  *-  i 

Explanation: 

conne^lr^r  frmnt  clectrol-'?“.  asN03,  CuSO<  and  A]  (N03),  solutions, 
connected  in.  senes.  Same  quantity  of  cutrent  is  passed  through  them  and  then  the  . 

masses  of  Ag,  Cu  and  A1  deposited  on  their  respective  electrodes  -re  *imrf 

tiaen  a  965™^ombs  (IF)  of. electric  charge  is  passed 

then  the  mass  of  an  element  deposited  is  equal  to  its  equivalent  mass. 

For  example: 

96500  Coulomb  charge  is  passed  through  xhe  electrolvtes,  108®  of  A® 

31  75g  of  Cu  and  9g  of  Ai  is  deposited  at  their  cathodes.  These  masses  which  are  equal 
to  their  equivalent  masses  respectively.  4 

Anod.  Cathode  Anode  Cathode  Anode  Cathode 
;+  .  --  -+  »- 


Afl'(eq)  Npj(aq) 


E 


Cid-Jaq)  Spi*(eq) 

— I'lhr— r - 


A^*(aq}  Np;(eq) 


V 


I  Silver  Nitrate 


Copper  Sulphate  |  [  Aluminium  Nitrate  [ 

BETWEEN  EQUIVALENT  MASS 


AND 


RELATIONSHIP 

ELECTROCHEMICAL  EQUIVALENT: 

Since  96500  Coulomb  or  1  Faraday  (IF)  electric  charge  is  required  to  iiberate  one 

°f  3  subs*ancc'  ir  is-  clear  to  gram  equivalent  mass  of  a 
substance  is  96o00  times  greater  than  its  electrochemical  equivalent 

Gram  Equivalent  Mass  =  96500  x  E.C.E.  (Z) 

In  other  words  •  e  =  9650G  x  Z  or  e  =  FxZ 


or 


Where 


z=j 


Z  -  — — 

96500 

e  »  Gram  Equivalent  Mass 
F  =  Faraday  **>  96500  Coulomb 
E  =  E.C.E.  =  Electrochemical  et 


Electrochemical  Equivalent: 

Stiver  =  0.001118  g/C  = 

1.1  IS  x 

10'3 

g/C  = 

1.1 18  x 

10-* 

K g/C 

Copper  «* 

0.000329  g/C  » 

3.29  x 

10" 

g/C  = 

3.29 

X 

10‘7 

Kg/C 

Aluminium  = 

0.0000932  g/C  = 

9.32  x 

10‘5 

g/C  = 

9.32 

X 

10’* 

Kg/C 

Gold 

0.00102  g/'C  = 

1.02  x 

10*:* 

g/C  = 

1.02 

X 

10** 

Kg/C  . 

Nickel  - 

0.000304  g/C  “ 

3.04  x 

10" 

&'C  - 

3.04 

X 

10*7 

Kg/C 

Chromium  =* 

0.000538  g/C  = 

5.38  x 

10" 

g/C  = 

5.38 

X 

10*7 

K e/C 
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Equivalent  mass  of  an  element 
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(0 


Equivalent  mass  of  Silver 


(Hi)  Equivalent  mass  of  Aluminium 


Atomic  mass  of  the  element 
valency  of  the  element 
108 
1 

*3.5 

2 
27 

3 


108  g. 


09g 


a 


ELECTROLYSIS  (ELECTROLYTIC  CONDUCTION): 

“ When  electric  current  is  passed  through  an  electrolyte,  the  dissociated  ions 
travel  towards  their  respective  electrodes  so  that  they  become  nehtral  by  current.  This 
is  called  electrolysis.  ”  * 

OR  ■ 

“Movement  of  the  ions  of  an  electrolyte  towards  their  respective  electrodes  and 
their  deposition  or  liberation  as  neutral  species  under  the  influence  of  electric  current 
is  called  electrolysis.” 

1 .  Electrolysis  of  Molten  Sodium  chloride: 

Sodium  chloride  melts  at  SOO^C. 

The  molten  salt  contains  Sodium  (metal) 
positive  ion  (Na*)  and  Chloride  (non- 
metal)  negative  ion  (Cl*)-  'The  ionization 
reaction  is  as  follows: 


Anode 


Cathode 


NaCl^ 


.Fused. 


NaJ 


cr. 


80TC  O  ”  '-1  <0 

When  an  electric  current  is  passed, 
the  following  reactions  take  place  at  the 
two  electrodes: 

At  the  Cathode:  (Reduction): 

Positively  charged  Sodium  (Na"0 
ions  move  towards  the  cathode  and  gain 
electrons  to  form  neutral  molten  sodiurd 
metal  i.e.  reduction  takes  place. 

Sodium  ion  +  electron  - ►  Sodium  metal 


Inner 

Electrode 


Na- 


co 


800'C 


Na 


<*) 


At  the  Anode:  (Oxidation): 

Negatively  charged  Chloride  ions  (Cl-)  move  towards  the  anode  and  lose  the 
electrons  to  form  neutral  Chlorine  gas  (Cl2)  i.e.  oxidation  takes  place. 

2C1  m  - ►  Cl-wd  +  2e~ 


(I)  - ►  ‘~12(£) 

The  overall  reaction  can  be  described  as: 

-Na~(u  +  2e“  - -  2Na  <s) 

20  ri)  - ►  Cli  (g>  —  2e 


Cathode  reaction 
Anode  reaction 


Net  Reaction: 


2Na*(1)  -f  2CP 


(i) 


-  2Na  (j)  +  Cl2lg5 

At  Cathode  At  Anode 
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IX-Chemistry  Chapter  #  B,  Page#  7 

2.  Electrolysis  of  Water: 

Pore  "water  does  not  conduct  electricity- JJp  ' 

because  it  ionizes  partially  into  ions.  Few  drops  of  volumes of-fS  1  (5_VolumesDf 

acid  or  base  are  added  which  dissociate  water  into  Hydrogen  •;  rv\  oxygen 

its  ions.  *”  ‘  — Acidified 

"When  water  is  electrolysed.  Hydrogen  gas  is  Platinum—  «  1  b  — platinum 

produced  at  the  cathode  and  Oxygen  gas  is  Cathode  ,  j  T.  Anode 

produced  at  the  anode. 

Consider  ,7n  electrnl'mc  -“!]  *{  1 

|  uwomcu  water,  i  wo  eiectroaes  are  uipped  in  .  lij 

acidified  water.  In  the  presence  of  few  drops  of  "=  .  y" - 

arid,  water  ionizes  as:  -^j- _ 

2H20m  =^c,d  ^  +  OH  [electrolysis  of  water  1 


2H20(])  H30"'(al!)  -r  OH  “„q)  [  ELECTROLYSIS  OF  WATER  j 

Hydroniuro  jpn  Hydroxide  ion 

When  electric  current  is  passed  through  the  solution,  the  following  reactions  take 
place:  •  • 

At  Cathode: 

Positively  charged  Hydronium  or  Oxonium  ions  (H30~)  move  towards  the  cathode 
and  gain  electrons.  As  a  result,  H2  gas  is  liberated  at  the  cathode. 

2H30*’(Bq)  -i-  2e“  - ►  2H20(i)  +t  H2(6,t 

At  Anode:  \ 

-  Hydroxide  ions  (OH-)"  move  towards  the  anode.  OH~  ions  lose  electrons  at  the 
anode.  As  a  result, -02  gas  is  liberated  at  the  anode.  . 

"•  40H“(aq)  +  4e"  - ►.  2H20(1)  +  02(B)t 

The  overall  reaction  should  be  balanced  according  to  gain  and  loss  of  electrons  at 
the  two  electrodes.  So  the  cathode  reaction  is"  multiplied  by  2  and  then  added  to  the 
anode  reaction. 

2[  2H30+(„>+  2e“  - -  2H20(i>  +  H**  ] 

To  obtain  overall  reaction,  both  reactions  should  be  added 


.  4H30  (*,,)  +  40H”(*qj  *"  6H20  (d  + 

4H3CT  and  40H"  together  will  be  equal  to  8H:0,  so 

8H20  f i >  - ►  6H20  (d  +  2H2  (g) 

\slow  overall  reaction  can  be  written  as: 


Oau,  +  t  2fM 


+  O, 


2H20 


At  Cathode 


+  02 
At  Anode 


RESULT: 


The  result  of  the  electrolysis  of  acidified  water  confirmed  that  two  volumes  of 
Hydrogen  gas  and  one  volume  of  Oxygen  gas  are  produced  during  electrolysis. 

NOTE:  Humphrey  Davy  confirmed  that  the  formula  of  water  is  H20  (2:1  ratio  of 
Hydrogen  and  Oxygen  gas  by  volume)  through  electrolysis. 


PRACTICAL  CENTRE 

B-14.  BLOCK-1,  GULSHAN-E-IQBAL  KARACHL  S  :  34976530-34812547-34984762  B 


131 


PRACTICAL  CENTRE  B  r  SSION  2016-2017  B  PRACTICAL  CENTRE  0  SESSION  2016-2017  B  PRACTICAL  CENTRE  B  SESSION  2016-20J7  B  PRACTICAL  CENTRE 


PRACTICAL  CENTRE  0  SESSION  2016-2017  0  PRACTICAL  CENTRE  0  SESSION  2016-2017  0  PRACTICAL  CENTRE  0  SESSION  2018-2017 


IX-Chemistry  Chapter  #  8,  Pane#  B 

USES  (APPLICATIONS)  OF  ELECTROLYSIS: 

Electrolysis  is  an  important  process  used: 

(i)  for  the  extraction  of  certain  metals  from  their  ores  (minerals). 

(ii)  for  Electroplating. 

„  VlUilii44iUl4i; 

_  ^/.(Aluminium)  metal  is  extracted  by  the  electrolysis  of  Alumina  (AL03)  which  is 
obtained  from  Bauxite  (AL03.  nH20). 

(n)  Extraction  of  Sodium: 

^ a  (Sodium)  metal  is  extracted  by  the  electrolysis  of  molten  Sodium  chloride. 
Sodium  (Na)  metal  is  obtained  at  the  cathode  by  Down's  process. 

(iii)  Extraction  of  Copper: 

Cu  (Impure  or  blister  Copper)  metal  is  purified  by  the  process  of  electrolvsis. 
Pure  copper  metal  is  deposited  at  the  cathode. 

ELECTROPLATING: 

The  coating  of  one  metal  on  the  surface  of  other  metal  through  the  electric 
current  or  by  electrolysis  is  called  Electroplating. 


Deposition  of  a  thin  layer  of  a  superior  and  corrosion  less  metal  over  an 
inferior  or  cheap  metal  by  the  process  of  electrolysis  is  called  Electroplating. 

Conditions:  v  • 

•  The  object  to  be  electroplated  is  connected  with  the  catho'de.  It  is  also  called 
baser  metal  like  Iron.  Steel,  etc. 

The  metal  which  is  coated  on  the  object  is  connected  with  the  anode,  it  is  also 
called  coat  metal  like  Silver,  Gold,  Nickel,  Chromium,  Tin,  etc. 

The  electrolyte  used,  should  contain  the  ions  of  the  metal,  of  which  the  anode  is  made. 

Advantage:  'N 

The  cost  of  the  finished  product  is  much  lower  than  the  one  if  the  object  is  entirely 
made  of  the  coat  metal.  Gold-coated  object  is  much  cheaper  than  the  gold  object. 
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APPLICATIONS  (USES)OF  ELECTROPLATING: 
t  .  NICKEL  PLATING: 

Nickel  metal  is  coated  over  baser  metal  (spoon)  Ni,\- 

by  the  process  of  electroplating.  J  (an^e) 

.  A  piece  of  pure  Nickel  metal  is  used  as  the 
anode  and  the  spoon  or  any  object  to  be  plated  is  fhe 

.  .  1...;  , _  r  -v-  . 

^\IZU4)  is  usee  as  the  electrolyte  in  the  cell.  The  two- 
electrodes  are  joined  to  a  batteiy.  On  passing  the 
electric  current,  the  Ni  anode  dissolves  in  the  solution 
fonning  Ni  ions  by  the  loss  of  electrons  (oxidation). 

Ni  ions  from  the  solution  move  towards  the  cathode 
where  they  gain  electrons  (reduction)  and  Ni  metal  is 
deposited  on  the  surface  of  the  spoon  (cathode). 


IX -Chemistry  Chapter#  a,  Page#  9 


""'Nit.) 

(cathode) 


a 


Catnoda 

(Spoon) 


Ni« 

Ni2+ 


fcNi2‘(.q) 


(»q) 


It 


2  e~ 


[At  .Anode  (Oxidation)] 
[At  Cathode  (Reduction)] 


-jaatlery}- 


towa2e£h°Vca*'or“°n  iS  Sinlply  ^ansfer  of -W  “  Ni*  through  NiSO,  solution 
towams  the  cathode  i.e.  spoon  is  coated  with  Ni  metal. 

2.  CHROMIUM  PLAtlNG  (CHROME  PLATING): ' 

Chromium  metal '  is  coated  over  baser  metal 
(spoon)  by  the  process  of  electroplating. 

A  piece  of  pure.  Chromium  metal  is  used  as 
anode  and  the  spoon  or  any  object  to  be  plated  is  made 

Tr  A  S0lUti0n  0f  Chromium  sulphate 

lt-r2(bU4)3]  is  used  as  the  electrolyte  in  the  cell.  The 
two  electrodes  are  joined  to  a  batteiy.  On  passing  the 
electric  current,  the  Cr  anode  dissolves  in  the  solution 
lorming  Cr  ions  by  the  loss  of  electrons  (oxidation). 

Or  ions  from  the  solution  move  towards  the  cathode, 
where  they  gain  electrons  (reduction)  and  Cr  metal  is 
deposited  on  the  surface  of  the  spoon  (cathode). 


Eiearwyi 

cell 


Battery 


Cr(»> 

Cr3' 


(»q) 


3e' 


Cr  («q) +  3e  [At  Anode  (Oxidation)] 


Cr 


ELECTROCHEMICAL  CELLS: 


U) 


[At  Cathode  (Reduction)] 

A 


eUarical  mer8>’ (curren,)  through  — »■ « 

TYPES  OF  ELECTROCHEMICAL  CELLS: 
t.  Galvanic  or  Volcaic  cell  .2.  Dry  cell 

1 .  GALVANIC  OR  VOLTAIC  CELL: 

Voltak  celf e^K?e™1C  n  C°niainS  Watsr  25  solveni  is  called  Galvanic  or 

1  1l  Gahan,c  cell  is  a  primary  as  well  as  irreversible  cell. 
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Z.  DRY  CELL: 


An  electrochemical  cell'  which  contains  paste  or  viscous  mixture  but  does  not 
contain  water  as  solvent  is  called  diy  celL  Dry  cell  is  a  primary'  as  well  as  irreversible 
ceEL  ‘V 


'  A  battery  is  a  collection  of  two  or  more  Galvanic  or  V oltaic  cells. 

A  battery  is  an  assembly  -of  two  or  more  Galvanic  or  Voltaic  cells  which  are 
connected  together  iiLseries.  Batteries  are  secondary  as  well  as  reversible  cells. 

DANIEL  CELL’. 

A  Daniel"  cell  is  an  example  of  Galvanic  or  Voltaic  cell  which  is  used  to  convert 
chemical  energy  into  electrical  energy  spontaneously. 

Construction: 

Daniel  cell  consists  of  two. half  cells.  One  half  cell  is  Zinc  rod  (Zn-metal)  dipped 
in  1M  ZnS04  solution  and  the  other  half  cell  is  Copper  rod  (Cu-metal)  dipped  in  1M 
CuSOx  solution.  The. two  half  cells  or  single  electrodes  are  connected  together  by  a  | 
porous  partition  or  a  salt  bridge  to  form  a  complete  cell. 

Process  /  Working: 

Both  the  electrodes  are  connected  externally  through  a  voltmeter  by  means  of  metal 
wire.  The  cell  starts  producing  electric  VonrT1'l*r 

current  at -once.  Zn-metal  rod  undergoes 
oxidation  to  form  Zn2+  ions  by  the  loss  Znc 
of  two  electrons  (oxidation  takes  place),  *noda 
these  ions  go  into  ZnS04  solution.  Zn- 
metal  rod  acts  as  the  anode  or  negative 
electrode.  The  electrons  travel  through 
the  wire  externally  to  Cu-metal  rod. 

These  electrons  are  accepted  (reduction 

|  .  _  ZnSQ«  solution  CuSO.  aoluUon 

takes  place)  by  Cu*  ions  of  CuSOx  DANIEL  CELL 

r  solution  and  Copper  metal  is  deposited  at  (2r  -  c«  voltaic  ceil) 

•  Cu  electrode  which  acts  as  the  cathode  or  positive  electrode. 

C  * 

1  Conclusion: 

» 

1  In  this  process.  Zn-electrode  dissolves  in  the  solution  of  ZnSOx  and  reduces  in  size 

J  {oxidation  takes  place),  while  Cu-electrode  increases  in  size  (reduction  takes  place)  due 
-  to  the  deposition  of  Cu-  ions  in  neutral  condition. 


CuSCU  aolulkjn 


DANIEL  CELL 

(2n  -  Cu  voltaic  cell) 
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CELL  REACTION: 


At  Zn  -  Electrode  (Anode) 

Zn  - - 

The  net  reaction  is  the  sura  of  two  half  cell  reactions. 


ft)  — "  Znx\q)  +  2e"  ,  Cu2+ 


fX-Chemistry  Chapter  SB,  Pages  11 

At  Cu  -  Electrode  (Cathode) 
t*q»  +  Cu,s, 


Zn 


ft) 


+  Cu 


2-*- 


<«q) 


Ztl  (*q)  +  CU(,) 


B 


The  function  of  salt  bridge  orporous  partition  is  to  prevent  the  mixing  of  the  two 
solutions  (ZnSOa  and  CuS04)  and  to  allow  the  ions  to  move  through  it  from  one  part  to 
another.  Zn  ions,  from  the  anode  compartment  move  towards  the  cathode 
compartment  while  negative  ions  S043-.ions  move  from  the  cathode  compartment  to  the 
anode  compartment  through  the  porous  partition  or  salt  bridge.  It  maintains  the  electrical 
conductivity  in  the  two  electrolytic  solutions. 

:  The  cell  voltage  in  Daniel  cell  is  1.11)  volt. 

DRY  CELL: 

An  electrochemical  cell  which  contains  paste  or  viscous  mixture  but  does  not  contain 
water  as  solvent  is  called  dry  cell.  Dry  cell  is  a  primary’  as  well  as  irreversible  cell. 

Construction: 

T  ,  .  •  •  Cueap 

.  .  m  a  dry  cell,  an  outer  zmc  case 
(container)  acts  as  the  anode  and  inner  carbon 
(graphite)  rod  acts  as  the  cathode.  The  graphite 
rod  is  surrounded  by  a  mixture  of  manganese 
dioxide  (MnCb)  and  Carbon  powder.  The 
electrolyte  is  a  moist  paste  of  Ammonium 
chloride  (NH4CI)  and  Zinc  chloride  .(ZnCl2). 

The  concentrated  electrolytic  solution  is 
thickened  into  a  gel-like  paste  by  an  agent  such 
as  starch.  The  upper  top  position  of  the  cell  is 
sealed  with  wax  (sealing  material).  A  copper 
cap  is  fitted  on  the  top  of  Carbon  rod  (cathode) 
to  make  the  electrical  contact.  The  zinc  case  is 
wrapped  with  a  safety  cover.  This  cell  is  called 
a  dry  cell  because  there  is  no  free  flowing  liquid . 

Process  /  Working: 

When  Zinc  and  graphite  electrodes  are  connected  by  a  metallic  wire.  Zn  gets 
oxidized  to  form  Zn  ions  which  pass  into  the  wet  paste  leaving  behind  electrons  on  the 
Zn  case  and  the  electrons  move  from  Zn  electrode  to  Carbon  electrode  throuah  the 
external  circuit.  The  cell  reactions  are  complex. 

USES: 

It  is  used  in  most  of  the  flashlights,  calculators,  clocks,  transistors  and  in  portable 
electronic  devices. 
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.  IX-Chernistiy  Chapter  %  8,  Page#.  12 

BATTERIES:  -  ..  \ 

A  battery  is  a  collection  of  two  or  more  Galvanic  or  Voltaic  cells. 

A  batten'  is  an  assembly  of  two  or  more  Galvanic  or  Voltaic  cells  which  are 
connected  together  in  series.  Batteries  are  secondary  as  well  as  reversible  cells* 

•  «*>.J  V  ~  ->■>  k.  A  A  A.  »  i  y  » 

Lead  storage  batteiy  is  used  in  automobiles.  It  is  a  secondary  cell  and  is  a 
reversible  cell  which  can  be  restored  to  its  original  condition.  The  battery  can  be  used 
through  repeated  cycles  of  discharging  and  recharging. 


."n  j® 


^  o  ?  s*  =u> 
£  S'”  CT, 

2  -  w  *  s 

oirC  SS 

n>  o  S  c/>  ^ 

u  — 

^  £L  ^  >  Go 

kj  IX  aj  — ,1 

cr>  bj  f-i  per 
r\o  L  O 

hj  ti  C  2  - i 

cr>  00 

to  ~  Ol  «  I 

-  3  "  SO- 


0 


Construaion: 

In  lead  storage  battery,  the  anodes  are  lead  (Pb)  alloy  and  the  cathodes  are  made 
of  red  lead  dioxide  (Pb02).  The  electrolyte  is  dilute  Sulphuric  acid  (H2S04)  which  has 
30%  concentration. 

There  are  several  anodes  and  several  cathodes  which  are  connected  together  in 
series;  about  six  cells  are  connected  together.  Each  cell  has  a  voltage  of  2V  and  overall 
voltage  when  six  cells  are  connected  together  in  series  would  be  12V. 

Discharging  (Working): 

As  the  cell  reaction  precedes,  PbS04;s)  precipitates  and  partially  coats  both  the 
electrodes,  Sulphunc  acid  becomes  diluted  because  more  and  more  water  is  formed.  The 
battery  is  said  to  be  discharged. 

Recharging: 

Now.  by  connecting  the  battery  to  an  external  electrical  source,  we  can  force  the 
electrons  to  flow  in  the  opposite  direction,  i.e.  the  net  cell  reaction  can  be  reversed  and 
the  battery  is  recharged. 
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IX-Chemistry  Chapter"  S.  Page#  13 

Q.l  A  current  of  0.5  ampere  was  passed  through  a  solution  of  CuS04  for  one  hour, 
calculate  the  mass  of  Copper  metal  deposited  on  the  cathode.  Electrochemical 
equivalent  of  Cu=  0.000329  g/C  =  3 2.9  x  lO"4  g/C  or  3.294  x  10“7  Kg/C 

DATA: 

Given: 

Current  in  ampere  (A)  =  0.5  ampere  §  s  b  ^  g 

Time  in  second  (1  hr)  =  1  x  60  x  60  =  3600  s 

“  O  re  -30 


2  “‘03-  2 


REQUIRED:  2  *  f  g  5 

.  Mass  of  Copper  deposited  =  W?  oil  - 

FORMULA: 

W  =  2xAxt  gfS  ol 

Solution:  ^  o  ^  =  S 

C,  =-  3  - 

w  =  3.294  X  10“7x  0.5x3600  “Tg*  §>* 

/  W  =  5929.2  x  10"7  Kg 
W  =  5.929  x  10-4  Kg 

Mass  of  copper  metal  deposited  =  5.929  x  1 0-4  Kg  or  0.5929  2 

Answer: 

fw  =  5.929  x  IQ"4  Kg  or  0.5929  g 

Q'2  A  current  of  10  amperes  was-  passed  for  15  minutes  in  a  solution  of  Silver 
nitrate  (AgN03).  The  mass  of  Silver  deposited  was  found  to  be  1.0062  x  lO'-K®. 
Calculate  the  electrochemical  equivalent  (Z)  of  A«  metal 
DATA:  " 


Given: 

Current 

Time  in  seconds  (15  minutes) 
Mass  of  Ag  metal  deposited  (w) 

REQUIRED: 

•  Electrochemical  equivalent 

FORMULA: 

W  =  2  x  A  xa  fftj 


-  1 0  ampere 
=  15x60  =  900  s 
=  1 .0062  x  1  O'"  Kg  =  1 0.062g 


Solution: 


Answer: 


z_  10.062 
10x900 

2  =  0.001 118  g/C  or  1.11  x  1 0'3  g/C 
Z  =  0.001118  g/C  or  1.118  x  IQ-6  kg/< 


FaEMIER  PRINTlItfG  &  PHOTOSTAT 

Shop  s  6  B5d/1,  Asif  Cenlre, 

B'0Ck-1'  Nea'  U*n.«n 
M.mone,  Hospitai,  Karachi 
0-15*6290602  /  0321-2522763 


cd  rn  *  « 
W  CD  ?£.. 

Z  2  >  G  S5 

Oj  ~  Cl  -C» 
CD  “  CD  '  ^5=7 

O  x  ~  CD  --XT 


5  CT3 

01  o  —  -3T 

isj  _  o  era 

MtJ  ct 

n  n  u;  3  ( — . 

s  2:  S  - 

m  re  — 1 
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Q3  A  constant  current  was  passed  for5  hours  through.  CuS04  and  404  mg  of  Cu 
was  deposited.  Calculate  the.current  passed. 

.DATA:  •  :• 

Given: 

Amount  of  Cu  deposited  =  W  =  404mg  =  0.404g 


a  ™  ^ 


0 


-V  »  ^  j’.'UU  OWi. 


Gram  equivalent  mass  of  Cu  =  =-  3 1 .75  g 

REQUIRED: 

The  Amount  of  Electric  Current — ?  -• 

FORMULA: 

FxW  •  . 


A 

Solution: 

A 

A 

A 


Answer: 


ext 

96500  x  0.404  . 

31.75x18000  ' 

38986 

571500;  .. 

0.0682  Ampere  or  6.82  xi0‘2  A  .  *. 


2  ^  =» 
S  “  » ■  22 

C  i  □  ®  s: 

^2  -sgg 

2L  >  G*» 

— •  -  2  tA 

.  R>  ~  ~Q  ■ 
^  ai  ^  -*-» — 

C«  -i 
o  IA 

3  ~  c^o 

■  —*  -  — -j 


c>  *» 


Electric  current  passed  =  P.0682  Ampjre  or  6.82  x  10'*  A 


METHOD  2 
Solution: 

According  to  cathode  reaction, 

63 .5g  of  Cu  is  deposited  by  2  F  electric  charges. 

. .-.  0.404g  of  Cu  is  deposited  by  x  0.404 

=  0.0127  F 

We  know 

IF  =  96,  500  coulomb 
0.0127F  =  0.0127x96500 
=  1225. 6C 

Coulomb  =  Ampere  x  t  sec.  (time  =  5hours) 
coulomb 


~  5  -  ^  — 


g  ai  Cl  ~  O 
c5  "  CD  — *— J 
rr-r  T  — -  Q  ZZL~ 


Nj 

in  -r- 


<-C 


Q-I 
NJ  O 

v  VI  - J 


CM  CJ 


no  eu 
-ni  n 


O 


.Ampere  = 


n  w  -j  ^  . 

S  5T  3  ~  G.-X 

1  oj  jc  «--v 


time 

1225.6 

18000 


=  16.82  x  lO  Ai  Ans. 
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IX-Chemistry  Chapter  #  B,  Page#  15 

Q-2  How  many  grams  of  Oxygen  gas  are  liberated  by  the  electrolysis  of  water 
after  passing  0.0565  ampere  forT85  seconds.  ;  : 

Hint  Equation: 

2H20 - ►  02  +  4ET 


4e“ 


0 


According  to  the  equation,  (four)  Faraday  is  required  to  liberate  32  g  of  Oj. 

DATA: 

Given:  . 

fime  in  second  .  =185  Sec 

32 


Gram  Equivalent  mass  of.Oxygen  =  e  = 

4 

e-  8gm 

REQUIRED: 

Mass  of  Oxvsen  eas  liberated  =  W  =  ? 

FORMULA: 

A  x  ex  t 


ca  ^  =X;i 

u  2  m  ~  rr» 

fa  >-8 

S  S'  ~  _«  2^ 

m  5*  &  === 
a  cn  -^4 


cx» 


w=- 

Solution: 


96500 


W  = 


83.62 


S~>- ^ 

-*•-  ~-  «  __ 

•  _  ro  — 

nj  ^  «u  — r— 
n<= 
S  3  c:  «  -4- 

n  -w  3  <r.  j 
4  ~  n> 

. 


Answer: 


96500 
W  =  0.000866  g 
W  =  8.66  x  JO^g 


CD 


tu 


W  =  0.000866  g  or  8.66  x  10"*  g 


METHOD  2 
Equation: 

2H:0 


O, 


+  4ir  + 

According  to  the  equation  (four)  Faraday  is  required  to  liberate  32g  of  Oi 


4e“ 


DATA: 


Current  in  ampere  =  0.0565  A 
Time  in  second  =185  Sec 

Solution: 

Coulomb  =  ampere  x  time  (s) 

.  =0.0565  x- 185 
- 10.45  C. 

F  =  C 


Answer: 


96500 

_  10.45  • 

96500 

=  0.000108  F  ...  . 

Now  4  F  electric  charee  liberates  —  x  0.0001 0S29 

4 

.‘.0.000108  electric  charges  liberated  0.000866g  ' 
Mass  of  Oxygen  liberated  =  8.66  x  10-4  g  On  . 


<=>  '  21  ~3ZJ 

U2°y  HZ' 
®  o  (O  =0 

•’J  nj 

|Sg-"I 

cn  — ; 
£.  — 


o  o 
ro  O 


in 


O 

fc'  Si. 


■C  1  _ 


CTC 

>  e*- 


l/> 


.  __.ro  —  "Tr 
no  i*-  cu  “**  — z- 
OJ  2;  “■  O  c=r 

gusts 

O?  23 

r*s  TO  — 1 


W=  0.000866  E  or  8.66  x  10  g 
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EXERCISE  ' 

t .  Fill  in  the  blanks: 

(i)  The  substance  tised  for  electrolysis  is  called  Electrolyte  . 

-U.j:,-.  1 . o'-  5  -  V.  .,  4  .  t., 

cathode.  • 

(iii)  One  Faraday  is  equivalent  to  96500  Coulombs. 

(iv)  The  electrolyte  in  lead  storage  batter)'  is  Sulphuric  acid 

(v)  Dry  cell  is  a  Primary  cfclL 

2.  Write  true  or  false: 

(0  Sugar  is  an  electrolyte.  False 

(ii)  Electrolytic  conductance  is  also  known  as  electrolysis.  True 

(iii)  Z  is  called  the  electrochemical  equivalent.  True 

(iv)  The  unit  of  electrochemical  equivalent  is  ampere  X  second.  False 
,  (v)  Daniel  cell  is  a  voltaic  cell.  True 

(vi)  Lead  storage  battery  is  a  primary  cell.  False. 

3.  Write  answers  of  the  following  questions: 


(i) 

Defrn 

e  the  following  terms:  Answers: 

(a) 

Electrolysis 

See  Page  #  6 

(b) 

Electrochemical  cell 

See  Page  #  9  - 

(c) 

Coulomb 

See  Page  #  4 

(d) 

Electrochemical  equivalent 

See  Page  #  4 

(e) 

Primary  cell 

See  Page  #  10 

(0 

Electroplating 

See  Page  #  8 

(ii) 

of 

Predict  what  would  be  formed  (i)  at  the  anode  and  (ii)  at  the  cathode  when  each 
the  following  molten  salts  are  electrolysed  using  inert  electrodes. 

(a) 

NaCl 

Ans.  Na  metal  deposits  at  the  Cathode  and  Cl-  gas  liberates  at  the  anode. 

(b)  MgBr2 

Ans.  Mg  metal  deposits  at  the  Cathode  and  Br-  gas  liberates  at  the  anode. 

(c)  CaCL 

Ans.  Ca  metal  deposits  a:  the  Cathode  and  Cl;  gas  liberates  at  the  anode, 
(iii)  State  and  explain  Faraday's  first  law  of  electrolysis. 

Ans.  See  Page#  4  ' 
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r  \  'ht'  t  IX -Chemistry  Chapter#  6.  Page#  17. 

(,v).  alcuiate  the  amount  of  Silver  deposited  when  10  ampere  of  current  is  passed 
for  50  minutes  through  a  solution  o'f  AgN03.‘ -  ‘ • .«/. 

(2  ofAg  =  0.0011 18  g/C) 

Ans.  w  =  Z  x  A  x  t 
;  Where  Z  =  0.001 1 1 8  g/C 

4  =  current  =  1 0  irnr' 

t  =  50  minutes  =  50x60  =  3000  sec 
w  =  0.001 18  x  10x  3000 

(Answer 


w  =  35.42 


5  2  p  “  *2} 
?  5  >-g  ~ 

£  S  £  ="=  =» 
«  s*-  g* 
S-=L,  22 

-J  £  *  == 

«=»  ~  L-r*  CX;J 
Jo  £i  "  > 

■  _  re  — 

wXm  -  t— 

-t  O  < - 1 

12  S  C  o  — ! 
~  n  v.  =  C7.  ■ 

°i=r  3  S 


Ej  « 


(v)  Describe  the  construction  and  working  of  a  dry  cell. 

Ans.  See  Page  #11 

(vi)  What  happens  when  electric  current  is  passed  through  acidified  water? 

Give  the  reactions  at  the  two  electrodes  and  the  products  at  the -cathode  and  the 
•  anode.  . 

Ans.  See  Page  #7 

(vu)  Predict  the  net  electrolysis  reaction  when  molten  NaCl  is. electrolyzed. 

.  Ans.  See  Page  #  6 

(viii)  Describe  the  process  of  Nickel  plating. 

Ans:  See  Page  ~  9 

(ix)  What  is  the  function  of  a  salt  bridge  or  porous  partition  in  an  electrochemical  cell? 
Ans:  See  Page  #  11 

(x)  Which  of  the  following  pairs  of  terms  have  the  same  meaning  and  which  have 
a  different  meaning? 

a  =  Voltaic  Cell  and  Galvanic  Cell. 

•  b  =  Electrolytic  Cell  and  Electrochemical  Cell. 

c  =  Cell  and  Batterv.  p?r.-  A 

Shopitc  Dr*...  arr»U/bi)/d 


Answer 

a  =  Same, 
b  =  Same, 
c  =  Different 


4ho/*6. 

•  Area.  3f0cfc..J  S;'  centre, 

Memor/a/  Ho«Pj»  Je*r  Usr"a< 
°215^0S02^^c 
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(xi)  What  is  the  difference  between  a  primary  and  a  secondary  cell?.  •.. 

\  Give  an  example  of  each.  Discuss  Lead  —  storage  battery. 

Answer: 

Primary  Cell: 


( _ i-rrv^r* iWe  chemical 

reaction  is  called  Primary  cell.  It  is  irreversible  cell.  This  cell  can  not  be  recharged. 

Secondary  Ceil: 

A.'  device  that  produces  electric  energy  (current)  through  reversible  chemical 
reaction  is  called  Secondary  cell.  It  is  reversible.  This  cell  can  be  recharged. 

Example: 

Primary  cell  =  Dry  cell 

Secondary  cell  =  Lead  Storage  Battery  (Car-Battery). 

For  description  of  Lead  Storage  Batteries  SEE  PAGE  #12. 

(xii)  When  molten  NaCl  is  electrolysed.  Sodium  metal  is  liberated  at  the  cathode  by 
the  reaction  Na*  +  e'  -*•  Na^.  How  many  grams  of- Sodium  are  liberated  when 
5  x  103  C  of  electric  charge  is  passed  through  the  cell?  - 


Given: 

Charge  =  5  x  1 03  C 

Gram  Equivalent  mass  of  sodium  =  2  jg 

Required: 

Mass  of  Sodium  deposited. 

Solution: 

As  know  that  1  Faraday  electricity  can  produce  a  mass  of  an  element 
equal  to  its  Gram  Equivalent  mass  1  Faraday  is  equal  to  96500  coulombs 
There  fore 


1  C  charge  can  liberate 


96500 


5  x  10J  C  can  liberate  x  5  x  10 

5  x  103  C  can  liberate  0.00119  x  103g 
5  x  103  C  can  liberate  1.1 9g 
Answer:  5  x  103  C  liberated  1.19g  of  Na| 
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ACIDS,  BASES  AND  SALTS 


-lh 


INTRODUCTION: 

Acids  and  Bases  were  recognized  as  the  two  groups  of  substances  in  die  15 
century  by  Muslim  chemists.  It  was  recognized  that  substances  having  sour  taste  were 
called  Acids.  (Acid  means  Sour  in  Latin).  They  also  recognized  another  group  of 

■''ivinfr  11;  ~v»r»  --;11-».J 

Neutralization  was  aiso  recognized  m  early  1  b"!  century'. 

ACIDS  IN  DAILY  LIFE: 


Source 

Organic  acid 

Source 

‘  Organic  acid 

Maleic  Acid 

Sour  milk 

Lactic  acid 

Butter 

Butyric  acid  * 

Vinegar 

Acetic  Acid 

Orange.  Grape 
(Citrus  Fruits) 

•  •  Citric  Acid  , 
Ascorbic  Acid  (C6H?06) 
•(Vitamin-C) 

Lemon 

Citric  Acid  ' 
Ascorbic  Acid  (C6H806)  ( 

(Vitamin-dG) 

Hydrochloric  acid  (HCI),  Sulphuric  acid  (H2SO<)  and  Nitric  acid  (HN03)  are 
called  inorganic  or  mineral  acids.  In  human  stomach,  0.4%  of  gastric  juice  contains 
HCI  for  proper  digestion.- ; 

BASES  IN  DAILY  LIFE: 

Bases  are  also  common  in  use  as  household  Ammonia  solution  (NHj  +  FLO)  is 
used  as  cleaning  agent.  Caustic  soda  (NaOH)  is' used  for  cleaning  sink-drains.  Milk  of 
Magnesia  Mg(OH)2  is  used  as  an  anti-acid  (antacid).  ’ 

SALTS: 

•  ■  t  _  An  ionic  compound  produced  by  neutralization  between  acid  and  base  bavins 

•positive  and  negative  ions  is  called  salt.  .  ’ 

Salts  are  not  only  neutral:  they  may  behave  like  acids  or  bases. 

PROPERTIES  OF  ACIDS  AND  BASES 
PHYSICAL  PROPERTIES  OF  ACIDS: 

.  1.  Acids  have  sour  taste. 

2.  Acids  turn  blue  litmus  to  red. 

3.  Colourless  pbenolphthalein  remains  colourless  in  acids. 

4.  Methyl  orange  changes  its  colour  from  orange  to  reddish  or  pink. 

•  5.  Acids  are  electrolytes  (their  aqueous  solutions  conduct  electricity). 

6.  Concentrated  acids  destroy  fabrics,  skin  2nd  human  and  plant  tissues,  etc. 
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/  .  •  .  .  .  .  :  ■  IX-Chemistiy,  Chapter#9,  Pa^e#4 

CHEMICAL  PROPERTIES  OF  ACIDS:  ->  t 

Acids*  react  with  bases,  non  metals,  metal  carbonates  and  bicarbonates.  Some  of 
their  chemical  properties  are  given  below: 

1 .  Neutralization: 

Acids  react  with  bases  to  form  water.  This  reaction  is  called  Neutralization. 

HCbaqj  +  NaOH(,Q)  - ►  NaCl/vi)  **■ 

.... .(.kfl  rietai  Oxides  and  nyuroxiues  Leases): 

Metal  oxide  and  hydroxide  react  with  acid  to  form  salt  and  water  like 
.  neutralization. 

FeO(s)  +  n2SOM^  - FeSO^)  +  H20 

Fe(OH)3(s)  +  3HCl<«q)  - - *-►  FeCl3{aq)  +  3H2Ofl) 

3.  Reaction  with  Metals: 

Dilute  acid  reacts  with  certain  metals  such  as  (Zn,  Mg  and  Fe)  to  produce  (H2)  gas 
for  example,  dilute  Hydrochloric  acid  reacts  with  (Zn)  metal  to  produce  H2  gas. 

+  2HC1(«J}  *■  ZnCl2  (aq)  *r  H2  (g) 

4.  Reaction  with  Carbonates  and  Bicarbonates:  . 

Acids  react  with  carbonate  and  bicarbonate  salts  to  produce  C02  gas. 

Na2  CO3  (,)  +  2HClUq)  - 2NaCl(aq,  +  H20  m  +C02(c) 

NaHCOjfj)  +  HCi(#q)  - *  NaCl(tq)  +  H20(d  +  C02  (g) 

PHYSICAL  PROPERTIES  OF  RASES: 

1.  Bases  have  bitter  taste  and  have  slippery  or  soapy  touch. 

2.  Bases  turn  red  litmus  to  blue. 

3*  Colourless  phenolphthalein  changes  into  red  or  pink  in  bases. 

4.  Methyl  orange  changes  its  colour  from  orange  to  yellow  in  bases. 

5.  Bases  are  electrolytes  (their  aqueous  solutions  conduct  electricity). 

.  6.  Concentrated  bases  destroy  fabrics,  skin  and  human  and  plant  tissues,  etc. 
ALKALI:  Water  soluble  bases  are  also  called  Alkalis  (NaOH,  KOU) 

- DISSOOIAnONhOf=LAeiBSAND  BASES - 

STRENGTH  OF  ACID  AND  BASE: 

The  strength  of  an  acid  and  base  depends  on  dissociation  into  ions,  higher  the 
pt^ver  of  dissociation  (ionization),  greater  wall  be  the  strength  and  vice-versa. 

STRONG  ACID:  (Strong  Electrolyte)' 

An  acid,  which  ionizes  (dissociates)  completely  into  ions,  that  means  it  produces 
large  number  of  hydrogen  ions  (H  )  in  aqueous  solution  is  called  strong  acid.  They  are 
also  called  strong  electrolytes. 

Example:  HC1,  HNOj  and  H2SO«  are  die  most  common  examples  of  strong  acids 
because  they  ionize  completely  in  water.  They  are  also  known  as  mineral  acids. 

WEAK  ACID:  (Weak  Electrolyte) 

An  4acid,  which  ionizes  partially  into  ions,  that  means  it  produces  very  small 
number  of  ions  (IT)  in  aqueous  solution,  is  called  weak  acid.  They  are  also  called 
weak  electrolytes. 

Example:  H2C03  (Carbonic  acid),  CH3COOH  (Acetic  acid),  HCOOH  (Formic  acid) 
_ and  (CQQH)2  2H2Q  (Oxalic  acid).  _ _ 
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STRONG  BASE;  (Strong  Electrolyte)  - 

A  base,  which  dissociates' (ionizes)  completely  into  ions,  that  means  it  produces, 
large  number  of  hydroxyl  ions  (OH-)  in  aqueous  solution,  is  called  strong  base. 

Exampfe:  NaOH,  KOH.  Ca(OH)2  are  the  best  examples  of  strong  bases.  They  are 
also  called  strong  electrolytes.  . 

WEAK  BASE:  (weak  Electrolyte) 

A.  base,  which  ionized  ^arnzllv  'TiTn  ,r,r'S.  -L-jt  — :*  —  _ _ 1 1 

uumoer  ox  Hyoroxyi  ^UH  )  ions  in  aqueous  soiunon,  is  called  weak  base. 

Example:  NH4OH,  Al(OH)3,  Cu(OH);  are  few  weak  bases.  They  are  also  called  weak 
electrolytes.  •  - 

DIFFERENT  CONCEPTS  OF  ACIDS  AND  BASES 
1)  ARRHENIUS  THEORY: 

In  188/  a  Swedish  chemist  Svante-Arrhenius,  gave  the  following  definitions  of 
acids  and  bases.  • 

“A  substance  which  produces  (H* )  ions  in  aqueous  solution  is  mJM  nriH  ” 

Example: 

;  HClfo,)  Hfcq)  +  Cl(7q) 

A  substance  which  produces  Hydroxide  (OH)  ions  in  aqueous  solution  is  - 
called  base .  ” 

Example: 


NaOH 


Na  +  OH 


2)  LOWRY  AND  BRONSTED  THEORY: 

This  theory  was  proposed  by  the  English  Chemist  Lowry  and  Danish  Chemist 
Bronsted  in  1923. 

An  acid  is  a  substance  having  a  tendency  to  donate  one  or  more  protons  and 
base  is  a  substance  having  a  tendency  to  accept  protons. 

Bronsted-Lowry  acid  :  A  substance  that  can  donate  (H")  or  proton. 

Bronsted-Lowrv  base  :  A  substance  that  can  accept  (IT)  or  proton.  - 

EXPLANATION: 

3nr,  ^ydro;:hloric  *“d  (i3CI)  Mronium  (oxonium)  ion  [H,0  *]  are  proton  donors 
and  act  as  Bronsted-Lowty  Acids,  whereas  (H20)  and  Ammonia  (NH3)  are  proton 
acceptors  and  act  as  Bronsted-Lowry  Bases.' 


Hx.CIS  +  JO-xH 


H»*0»x  H 


3ase  1 


Proton  donor  Proton  acceptor 
(Acid)  (Base) 


Proton  donor 
(Acid) 


Proton  acceptor 
(Base) 
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Hx»0  »x  H 


5  N  •  x  H 

* ; 

H 


Proton  donor  Proton  acceptor 
(Acid)  (Base) 


H»«N*xH 


Proton  donor 
(Acid) 


IX-Chemistry,  Chapter# 9,  Page#  6 


;o-xh 


Proton  acceptor 
(Base) 


3)  LEWIS  THEORY: 

Electron  Based  Explanation  of  Acids  and  Bases: 

In  1923,  G.  N.  Lewis  proposed  a  more  general  concept  of  acids  and  bases. 
According  to  Lewis  theory: 

-  “An  acid  is  any  species  (tnolecule  or  ion )  which  can  accept  a  pair  of  electrons, 
and  base  is  any  species  (molecule  or  ion)  which  can  donate  a  pair  of  electrons.  ” 

An  acid-base  reaction,  in  which  electron  pair  donor  is  base  and  electron-pair  acceptor,  is 
acid.  (They  form  a  co-ordinate  covalent  bond). 

Lewis  Acid  :  An  electron  pair  acceptor. 

Lewis  Base  :  An  electron  pair  donor. 

EXPLANATION: 

When  Ammonia  (NH3)  reacts  with  proton  (IT)  to  form  ammonium  ion 
(NH<),  in  which  the  Nitrogen  of  (NH?)  donates  a  pair  of  electrons  whereas  the 
(IT)  accepts  that  pair  of  electrons  for  bond  formation,  this  is  shown  by  curved 


H  —  N  l  +  H 


Electron  pair  donor  Electron  pair  acceptor 
(Lewis  base)  (Lewis  acid) 


H — N— >  H 

- (_ 

H 


Co-ordinate  covalent  bone 


Co-ordinate 
Covalent  Band 


Another  example  is  provided  by  the  reaction  of  Ammonia  (NH3)  with 
Boron  tri  fluoride  (BF3).  in  which  Nitrogen  of  (NH3)  donates  an  electron  pair  and 
B  of  BF3.  which  lacks  a  pair  of  electrons  to  complete  its  outer  most  shell  (octet), 
accepts  that  pair  of  electrons  and  forms  a  co-ordinate  covalent  bond. 


-  B— F 


H  F 

(Lewis  base)  (Lewis  acid) 


H  F 

!  I 

H— N-*  B— -F 

j 

H  -F 

Acid  base  product 


Note;  The  bond  between  *N*  and  ‘B’  is  Co-ordinate  Covalent  Bond. 
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SALT  V;  •;  •/  . . 

An  ionic ^  compound  which  is  produced  by  neutralization  of  acid'  and  base 
containing  positive  and  negative  ions  is  called  salt. 

.  .  k  other  w°rds;  an  ionic  compound  which  is  produced  by  the  combination  of 
positive  and  negative  ions  which  come -from  base  and  acid  respectively  is  also  called  salt. 

Example:  Potassium  hydroxide  neutralizes  Nitric  acid  to  form  Potassium  nitrate 
I" Salt)  and  water. 

.vuH  -r  nJS03  - -  KN03  -5--  H-.0 

TYPES  OF  SALTS: 


On  the  basis  of  their  chemical  nature,  salts  can  be  divided  into  the  following: 

1)  Normal  Salts  2)  Acidic  Salts  '  3)  Basic  Salts 

1 .  Normal  Sale  (Neutral  Salt): 

A  salt  which  is  formed  by  the  complete  neutralization  of  an  acid  by  a  base  is 
called  normal  salts. 

NaOH  -r  HC1  - NaCl  +  H20 

Example:  NaCl,  NaN03,  K2S04,  MgS04,  etc.  are  normal  salts. 

2.  Acidic  Salt  (Acid  Salt): 

A  salt  which  is  formed  by  the  partial  or  incomplete  neutralization  of  an  acid  by  - 
a  base  is  called  acidic  salt.  (It  has  hydrogen  (H+)  ion). 

KOH  +  H2C03 - ►  KHCO3  +  H:0 

Example:  NaHS04,  KHC03,  NaHCOj  etc.  are  acidic  salts. 

3.  Basic  Salt  (Base  Salt): 

A  salt  which  is  formed  by  the  partial  or  incomplete  neutralization  of  a  base  by 
an  acid  is  called  basic  salt.  (It  has  Hydroxide  OH"  ion). 

Mg  (OH)2  +  HC1 - *»Mg  (OH)Cl  +  H20 

Example:  Mg  (OH)CI,  Zn  (OH)Ci,  etc.  are  basic  salts. 

DOUBLE  SALTS: 


The  crystalline  compound  which  is  obtained,  when  two  specific  salts  are 
crystallized  together  is  known  as  double  salt.  It  has  some  water  of  crystallization. 

Characteristics  of  Double  Salt: 

i)  It  has  a  definite  chemical  composition. 

ii)  It  contains  definite  number  of  water  molecules  (water  of  crystallization). 

Examples: 


Potash  Alum 
Chrome  Alum 
Carnallite 
Mohr’s  Sait 


K3S04 .  Al2(S04)3 . 24H20 
K2S04  .  Cr2(S04)3 . 24  H20 
KC1 .  MgCl2 .  6H20 
FeS04 .  (NH«),  S04 . 6  H20 


PRACTICAL  CENTRE 

B-14.  BLOCK-1,  GULSHAN-E-IQBAL  KARACHI  @  :  34976530-34812547-34984762 


1 


1 


149 


PRACTICAL  CENTRE  0  SESSION  2016-2017  0  PRACTICAL  CENTRE  0  SESSION  2016-2017  0  PRACTICAL  CENTRE  0  SESSION  2016-2017  0  PRACTICAL  CENTRE 


PRACTICAL  CENTRE  a  SESSION  2016-2011  B  PRACTICAL  CENTRE  HI .  SESSION  2016-2017  ^  PRACTICAL  CENTRE  13  SESSION  2016-2B17  B  ,  .ACTICAL  CENTRE J3 


r  .  .  .  '  L  ;  •  JX-Chemistry,  Chapter  #9,  Page# 8  .. 

INDUSTRIAL  PRiPARATION  OF  SODIUM  CARBONATE  (NazGOs) 

Washing  soda  is  .commercially  prepared  by  Arnmonia-Solvey  process  or  ammonia  soda 
process.  '  “  *”*■*. 

RAW  MATERIALS:  The- raw  materials  are: 

1.  Lime  stone -(CaCOi)  2.  Sodium  Chloride  (NaCl) 

i.  Aramomum  chlonoe  (.iNHjCIJ  *4.  CarDon  uioxtue 
The  industrial  process  involves  the  following  steps: 

•STEP  ! :  Lime  stone  [CaCOj]  is  heated  to  yield  calcium  oxide  (quicklime  CaO)  and  the 

CCK'gas.  „ 

CaCOsts)  - — — ►  CaO(,)  +  C02(g) 

STEP  2:  This  (COi)  is  passed  into  aqueous  solution  of  ammonia,  and  the  anftnonium 
bicarbonate  is  produced. 

N^3(b)  *  CO  2^  +H20(n - ►  NR*HC03(1q) 

STEP  3:  Ammonium  bicarbonate  (NELHCO3)  reacts  with  aqueous  cold  solution  of 

sodium  chloride  (NaCI)  at  15°C,  called  Brine  to  yield,  sodium  bicarbonate  (NaHC03), 
which  is  not  soluble  at  low  temperature  (15°C)  and  this  precipitates  out. 

NaciIHj)  +  nh;hco;,„,  Alls°c bripe  >  NH4  Cl,„,A{4aHC03,rt 

STEP  4:  Sodium  bicarbonate  (NaHC03)  on  heating  yields  sodium  carbonate  (Na2C03). 
2~NaHCO-?ft,  AH  (  Na^CQjj,)  +  H20(/j  +  C02<C) 

STEP  5:  The  ammonia  (NH3)  which  is  used  as  a  raw  material  in  2n<i  step,  is  recovered  by 
reacting  (CaO)  with  NIL, Cl. 

2NH*C1  (jq)  +  CaO(Si  - ►  2NH3  ^  +  CaCl2  laq)  a-  H2Ofl) 

STEP  6:  Anhydrous  sodium  carbonate  (Na2C03)  is  known  as  soda-ash  and  sodium 
*  carbonate  decahvdrate  (Na:C03. 10H2O)  is  commonly  known  as  washing  soda. 

’  Na2C03  +  10H30 . heat  »Na2CQ3.  10H2O 


USES  OF  SODIUM  BICARBONATE  or  BAKING  SODA  (NaHCOs): 

-  1.  Sodium  Hydrogen  carbonate  (sodium  bicarbonate)  is  used  as  baking  powder. 

2.  It  is  used  in  the  preparation  of  effervescent  drinks  and  fruit  salts.  • 

3.  it  is  used  in  medicines  to  remove  acidity  in  stomach  as  and- acid  (antacid). 

4.  It  is  used  in  fire  extinguishers. 
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USES  OF  SODIUM  CARBONATE  (NazCCb): 

1-  It  is  used  as  cleaning  agent  in  soap  and' detergent  ^ ?}"  '  A  y- 

2.  It  is  used  to  make  ordinary  glass  which  is  used  to  make  bottles. 

3.  It  is  used  in  manufacturing  of  papers,  cement  and  paints. 

4.  Hard  water  is  changed  into  soft  water  by  adding  sodium  carbonate  (NasCGi) 
which  forms  insoluble  Calcium  Carbonate  (CaC03)  and  Masnesium  Carbonate 
(MgC03). 


B 


CaCbjaqj  ■  i's’a2iwVj3(eqj  v_JA^U3(s)  '  i<aq)  " 

•MgCl^qj-f  Na2C03(Bq)  - — ►  MgC03(,)'-!-  2NaCl(tq) 


COPPER  SULPHATE  (CuS04.5H20): 

Copper  sulphate  or  Cupric  sulphate  which  is  also  known  as  Blue  Vitriol  or  Blue 
Stone  may  be  prepared  by  two  methods  which  are  given  below: 

It  is  prepared  by  the  reaction  of  Copper  scraps  with  dilute  Sulphuric  acid  in 
the  presence  of  air. 

+  2H2S04(aq)  +  02(g) - *  2GlS04  (aq)  T  2H2O0) 

It  is  also  be  prepared  by  the  reaction  of  CuO  or  CuC03  with  dilute  Sulphuric 
acid  (H2S04). 

CqO(5,  “i*  H2S04(dil)  - *  CuS04(aq)  -  H20'n, 

CuC03(f)  +  .H2S04(dii)  - *  CuS04(,q)  +  C02(g)  -  H:0(1) 

USES  OF  COPPER  SULPHATE: 

1.  Copper  sulphate  is  used  in  green  paint  and  varnish  industrv. 

2.  As  germicide,  insecticide,  preservative  for  wood  and  paper  pulp. 

3.  In  Calic’o  printing,  for  making  synthetic  rubber  and  copper  salts  (Scheels). 

4.  A  mixture  of  Copper  sulphate  and  milk  of  lime  is  used  to  kill  fungus  and  moulds. 

5.  In  iextiles  (as  mordant),  tanning,  electric  batteries,  hair  dyes  and  in  electroplating. 

MAGNESIUM  SULPHATE  (MgS04.7H20)  (EPSOM  SALT): 

.  It  is  prepared  by  the  action  of  H2S04  and  Magnesite  or  Dolomite. 

MgC03  +  H2s64  - ^  MgS04  +  H20  -f  C02ce) 

Magnesite 

(ii)  MgC03.CaC03  +  2H2S04  *-  MgS04  +  CaS04  -  2H-.0  +  2CCK  ■ 

Dolomite  "  " El 

USES  OF  MAGNESIUM  SULPHATE: 

1.  h  is  used  as  filler  in  paper  industry. 

2.  ft  is  used  in  making  fire  proof  fabrics. 

3.  It  is  used  in  dyeing  and  tanning  processes. 

4.  It  is  used  as  a  mild  purgative  (antacid)  in  medicines. 

5^_  It  is  usee  in  the  manufacture  of  ceramics,  glazed  tiles  and  match  boxes. 
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PREPARATION  OF  POTASH  ALUM:  - 

KjSO^  A12(S04)3  .  24H.O  (a  double  salt)'  can  be  prepared  by  adding  equal 
molar  solutions  of  Potassium  sulphate  JCjS04  and  Aluminium  sulphate*"  A1^(S04)3  by’ 
dissolving  in  water.  This  solution  is  crystallized  to  form  Potash  Alum. 

.  USES  OF  POTASH  ALUM: 

ij  •. — ik.u  i Li  jaj -i  iig  pupct. 

2.  Alum  is  used  in  purifying  water. 

3.  .Alum  is  used  in  the  tanning  of  leather.  . 

4.  Alum  is  used  in  dyeing  as  mordant  (to  fix  insoluble  dye  to  fibre). 

5.  Alum  .is  used  as  antiseptic  and  a  mouth  wash  as  well  as  in  medicines. 

DISSOCIATION  OF  WATER: 

Water  acts  as  an  acid  as  well  as  a  base.  A  substance  like  water  which  can  behave 
as  both  an  acid  and  a  base  is  said  to  be  an  amphoteric  substance. 

On  adding  acid  or  base,  to  water,  it  ionizes.  A  proton  from  water  molecules  is 
transferred  to  another  water  molecule  leaving  behind  (Off)  hydroxyl  (hydroxide)  ion 
and  forming  (HjO*)  oxonium  (hydronium)  ion. 


r\ 

:o:  h+:o-h 
i  I 

H  H 


:o-h  +  *o: 


Hydronium  ion  Hydroxyl  ion 

IONIC  PRODUCT  OF  WATER: 

During  neutralization,  salt  and  water  molecules  are  formed  and  the  concentrations 
of  Hydrogen  (H)~  ions  and  Hydroxide  ions  (OH~)  remain  almost  same. 


K.  = 


_  [Hi  K1 


Kc  is  the  equilibrium  constant.  It  shows  that  a  very  small  fraction  of  water 
molecules  are  ionized.  Thai  means  water  remains  mostly  unchanged.  Therefore,' 

Kc  [HjOj «  Kw  =  [H“]  [OH~] 

Constant  (K^)  is  called  ionic  product  constant  which  is  the  product  of  molar 
concentration  of  (H£  ion  and  (OH")  ions  at  25°C  is  found  to  be  1  x  10"’4  mole'/dmft 
(M:).  [HI  =  1  x  10"'  M  and  [&HT]  -  1  x  1 0"T  M 

Kw  =  (1  x  10‘7)  x.  (1  x  1C'7)  =  1  x  10-14  M2 
Above  equation  shows  that  [Hi  =  [OH1  that  fs  why  Hotter  is  Neutral 

If  [If]  ion  concentration  increases  in  aqueous  solution,  thih  the  solution  becomes 
acidic.  If  ( OK )  ion  concentration  increases  in  aqueous  solution,  then  the  solution 
becomes  basic.  ’ 
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•  The  . Danish  chemists  Sorensen,  proposed' the  measurement  of  the  power  of 
hydrogen  ions  m  aqueous  solution.  .pH  means  power  of  hydrogen  (IT)  ions. 

The  negative  logarithm  of  the  concentration  of  Hydrogen  ion  Of)  in  aqueous 
solution  is  called  pH. 

Mathematically: 

ncn 


Any  neutrai  solution  like  water  in  which  [H~]  ion  concentration  is  1  x 
pH  =  -Iog[fT]  '  -  ' 

-  —  log  [10~7]  • 

=  -(-7)logl0 

=  7  x  IoglO  :.{logl0  =  l) 

=  7x1 


10“7  M  so, 


pH  =  7  1  Answer 


pOH: 

.  The  negative  logarithm  of  the  Concentration  of  hydroxyl  ion  (OH~)  in  aqueous 

solution  is  called  pOH.  v 

pOH  =  -log[OH“] 

The  sum  of  pH  and  pOH  of  water  or  any  solution  is  equal  to  34. 
he.  pH  -r  pOH  =  14 

THE  MEASUREMENT  OF  pH: 

Following  are  the  methods  used  to  measure  the  pH  of  a  solution- 

(X)  By  acid  base  indicator  (2)  By  pH  meter  (3)  By  pH  paper 

BS3£-=!f£!aMss 

THE  IMPORTANCE  OF  pH: 

steps  to  control  the  prob^^T  posable0  m*rTna:ion  throu§h  wh:ch  necessary 

pool  management,  corrosion  rnnrr^i  f  a  treatment,  soil  conditioning,  swimmins 

and  fie,  of  Bioio^ 

bt*  IToa  bl0°d-iS  7'35  ‘°  7-45'  716  PH  °f v»ou« 

if  pH  of  blood  decreaaesTto  7  DariSTn  °la®nOSm-2  “d  bating  many  illnesses,  e.g. 
than.6.  death  may  occur  If  dh  rises  as  E°  ^1°  coma'  of  blood  becomes  less 
vomiting  and  dtaW  ^  ^  "  7'8  “  *««>«*«,  excessive 


PRACTICAL  CENTRE 

B-14,  BLOCK-1,  GULSHAJV-E-IQBAL  KARACHI  S :  34976530-34S12547-349S4762 


0 


:  i 


153 


PRACTICAL  CENTRE  SESSION  2016-2Q17  B  PRACTICAL  CENTRE  B  SESSION  2016-2017  B  PRACTICAL  CENTRE  B  SESSION  2Q1G-2017  B  PRACTICAL  CENTRE 


'practical  CENTRE  0  SESSION  2016-2017  0  PRACTICAL  CENTRE  0  SESSION  2016-2017  0  PRACTICAL  CENTRE  0  SESSION  $016-2017 . 0  >  -ACT1CAL  CENTRE 


J  -  .  ■' 


n 


-  '  .  •  •  .  lX-Chemistry,  Chapter  #9,  Page#  12 

PREPARATION  OF  STANDARD  SOLUTION  {known  concentration)— 

Molar  solution  can  be  prepared  by  dissolving  one  mole  of  solute  into  1  dm5r 
(1  litre)  of  solution.  Consider  the  example  of  (NaOH)  23  +  16  +  1  =  40g  Sodium 
hydroxide  dissolved  in  some  amount  of  water  in  measuring  flask  to  prepare  1  dm'  of 
solution  by  adding  water.  Solution  of  1M  NaOH  will  be  prepared.  This  solution  is  called 

STANDARD  SOLUTION: 

A  solution  of  known  concentration  (molarity  or  molality)  is  called  Standard 
Solution. 

UNSTANDARD  SOLUTION: 

A  solution  of  unknown  concentration  (molarity  or  molality)  is  callea  Unstandard 
Solution. 

TITRATION: 

A  process  in  which  an  unstandard  solution  becomes  standardized 
by  using  a  standard  solution  is  called  titration. 

in  other  words,  the  volumetric  analysis  through  chemical  process  in  which  by 
using  standard  solution,  the-  concentration  of  another  solution  is  determined. 
This  method  is  called  Titration. 

ACID-BASE  TITRATION: 

Standard  solution  of  acid  is  used  to  standardize  base  (unknown  concentration)  by 
acid  base  titration  or  reverse  method  is  possible,  to  standardize  acid. 

STEPS  FOR  CARRYING  OUJ  TITRATION: 

Wash  all  the*  apparatus  with  water  and  then  rinse  the  burette  with  base  and  pipette 
with  acid  including  conical  flask.  Fill  the  burette  with  NaOH  upto  zero  mark. 
The  solution  in  the  burette  is  called  “Titre”. 

Pipette  out  10ml  (cm3)  of  HC1  in  a  conical  flask  and  add  one  or  two  drops  of 
phenolphthalein  indicator.  The  solution  in  titration  flask  is  called  “Titrant**. 

~~~~~  Add  slowly  the  NaOH  solution  from  the  burette  into  flask  with  constant  shaking 
unless  the  lightest  pink  colour  is*obsained.  Record  the  final  reading  (lower  meniscus). 

This  is  called  End  point  Repeat  the  process  at  least  three  times  to  get  concordant 
reading  (two  same  differences  at  least  in  three  readings). 

After  completing  the  observation  we  use  the  following  formula  to  determine  the 
Molarity  of  acid  or  base. 


E 


MjV, 


M,V, 


n, 


n. 


OR 


MV 


n* 


MbV 


n, 


Let 


E 


Ma :  Molarity  of  Acid 
V,  :  Volume  of  Acid 
n»  :Tlo  of  mole  of  acia 
nb  :  No  of  moles  Of  base 
Vb  :  Volume  of  base 
Mb :  Molarity  of  base 


(10ml) 

(obtained  from  balanced  equation) 
(■■ilfci  .A am  balanced  equation) 
pursue  reading) 
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NEUTRALIZATION: 

-V  The  process  iii  which  an  acid,  reacts  with  a  base  lo  form  salt  and  water  is  called 
neutralization  reaction. 

A  common  example  is  the  reaction  between  HC1  and  NaOH. 

HCl(juy  T  NaOH(aq)  NaCl(aq)  +  H2Of  , ) 

The  Hydrogen  ion  (ET)  which  is  responsible  for  acidic  properties  reacts  with  the 
Hydroxide  ion  (OH-),  which  is  responsible  for  the  basic  properties,  producing  neutral 
water  (H-OH).  Neutralization  may  be  expressed  as:  ■' 

Neutralization  is  an  example  of  double  displacement  as  well  as  exothermic  reaction, 
e-g.  HCl(aq)-f  NaOH(*q)  ~  NaCLtf  H20(  f )  A  H  =  -  57.  3KJ/mol 

MONO  AND  POLY  ACIDS  AND  BASES: 

Basicity  of  Acid: 

The  number  of  replaceable  or  ionizable  Hydrogen  (H+)  ions  from  one  mole 
(molecule)  of  an  acid  is  called  Basicity  of  acid.  ” 

Mono  Basic  Acids :  The  common  acids  like  (HCI),  (HN03)  and  (CH3COOH)  contain 
1  mole  of  Hydrogen  (H-)  ion  per  mole  is  called  mono-basic  acids  or  mono-protic  acids. 

\  .  H*-CT^  +  ir*-Oir*m  =5==^ 

Di  Basic  Acids:  Sulphuric  acid  (H2S04)  contains  2  moles  of  Hydrogen  (HT)  ions  per 
mole  is  called  dibasic  or  diprotic  acid .  Sulphuric  acid  (H2S04)  dissociates  in  two  steps: 
H3S04(iq)  +  HjO(„  ^  H:.0+  m  +  HSO;  laq) 


Hso:  <aq)  +  h3o(M 


H3O  (»q)  +  SOT  laq) 


Tri  Basic  Acids  :  The  acid  like  Phosphoric  acid  (H3P64),  which  contains  3  moles  of 
Hydrogen  (IT)  ions  per  mole  is  called  tri  basic  acid  or  tri-protic  acid. 

H3P04(aq)  +  H;Olfl  H30*<iq)  +  H.POJr,*,) 

H;PO!-(0q)+  HA„  H30'(sq)  -r  H  PO]' q) 


H  PO-  laq)  +  H:0(<  )  ^  H30_(aq)  +  POj'  laq) 

Acids  that  contain  two  or  more  acidic  hydrogen  per  mole  are  called  poly-basic 
acids,  or  more  commonly  poly-prodc  acids. 

Acidity  of  Bases: 

..  number  Of  replaceable  or  ionizable  hydroxide  (OIT)  ions  from  a  mole 
(molecule)  of  a  base  is  called  A  cidity  of  base.  ” 

Mono  Acid  Bases:  NaOH.  KOH,  NEUOH  can  produce  1  mole  of  (Off)  ions  per  mole 
Oi  base  are  called  mono-acid  bases.' 

Di  Add  Bases:  Ca(OH):  and  Mg(OH),  can  produce  2  moles  of  (Off)  ions  per  mole  of 
base  are  called  di-acid  bases. 

Tri  Acid  Bases:  .41  (OH)3  and  Fe(OH)3  can  produce  3  moles  of  (OH-)  ions  per  mole  of 
base  are  called  tri-acid  bases. 

Bases  that  contain  two  or  more  hydroxide  (OIT)  ions  per  molecule  are  called 
poiy-acid  bases. 
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'-v  '  EXERCISE  r  -:^v  ' " 

t .  Fill  in  the  Blanks. 

0  The  formula,  of  baking  soda  is  NaHCCL. 

ii)  The  formula  of  Epsom  salt  is  MgSC>4  7HzO. 

iii)  K2SO4AI2  (S04)3. 24  H20  is  the  formula  of  Potash  Alum. 


v)  The  molarity  of  solution  is  denoted  by  M. 

vi)  A  solution  whose  strength  is  known  is  called  Standard  Solution. 

vii)  If  H"  ion  concentration  of  a  solution  is  1  x  10'K  M,  the  solution  is  Strong  basic. 
vui)  If  die  OH"  ion  concentration  of  a  solution  is  1  x  JO'10  M  solution  is  Strong  acidic. 

it)  Tjtrgtjbn  is  the  process  by  which  we  can  determine  the  concentration  1# 
unknown  solution  with  the  help  of-standard  solution. 

x)  The  soliBfon  whose  it  ion  concentration  is  1  x  1CT4  M,  then  its  pH  is  4. 

xi)  The  solution  whose  pH  is  6,  then  its  IT  ion  concentration  is  1  x  10 

xii)  The  volume  of  a  pipette  is  generally  _1_0  ml  or  cmJ. 

xiii)  Molarity  is  defined  as  number  of  moles  per  litre  or  dm3  of  solution. 

2.  Tick  the  Correct  Answer. 

i)  The  substances  whose  aqueous  solutions  change  the  blue  litmus  to  red. 

a)  Acids  b)  Bases  c)  Neutral  d)  Salts 

ii)  The  substances  having  a  tendency  to  lose  one  or  more  protons  are  called: 

a)  Acids  b)  Bases  c)  Neutral  d)  Salts 

iii)  The  substances  whicbdonate  the  pair  of  electrons  for  bond  formation. are  known  as: 

a)  Acids  .  b)  Bases  c)  Neutral  d)  Salts 

iv)  When  equivalent  quantities  of  acid  and  base  are  mixed,  salt  and  water  are  formed,  the 
reaction  is  termed  as: 

a)  Hydration  b)  Hydrolysis  ‘  c)  Neutralization  d)  none  of  these 

r)  The  acids  which  contain  one  acidic  hydrogen  are  called: 

a)  Mono-protic  b)  Di-protjc  c)  Neutralization  d)  Poly  protic  . 

vi)  The  number  of  acidic  hydrogen  atoms  present  in  a  molecule  of  an  acid  is  called: 

a)  Acidity-  b)  Basicity  c)  Neutral  d)  Hydrolysis 

vii)  The  number  of  replaceable  [OH-]  ions  present  in  2  molecule  of  base  is  called: 

- a) Acidity-  - — “b^Basirity - ~~c)-NeutfSl - - dyHyarolysis — — - . 

vlii)  An  acid  that  produces  large  number  pf  (H~)  ions  in  aqueous  solution  is  called: 
e)  Strong  base  b)  Weak  base  c)  Strong  Acid  d)  Weak  acid 

ix)  An  ionic  compound  that  is  formed  when  an  add  neutralizes  a  base  is  called: 

\  £)  Acid  b)  Base  c)  Neutral  d)  Salt 

x)  .Salts  that  are  formed  by  the  reaction  of  strong  acid  with  weak  base  are: 

a)  Neuiral  b)  Acidic  c)  Basic  d)  Normal 

xi)  Salts  that  are  formed  by  the  reaction  of  weak  acid  with  strong  base  are: 

a)  Acidic  b)  Basic  c)  Neutral  d)  Normal 

xii)  ‘  Alums  are:  . 

a)  Single  salts  b)  Double  salts  c)  Triple  salts  d)-Normal  salts 

xiii)  The  formula  of  Washing  soia  is: 


a)  Na,CO^ _ b)  NarCO? .  6H:Q  t)  Na:CD:..  1  OH.-O  d)NaHCO? 


i 

a 

.i 

a 

iii 

b 

iv 

c 

V 

a 

Vi 

b 

viii 

c 

ix 

d 

X 

b 

xi 

b 

xii 

b 

xiii 

c' 

- 
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Wnte  answer  of  the  following  questions: 

Wha*  is  Arrhenius  theory  of  adds  and  bases?  Why  is  the  Arrhenius  theory  ' 
not  satisfactory  for  acids  and  bases? 

Ans.  ARRHENIUS  THEORY: 

A  Swedish  chemist  Svante-Arrhenius  in  1887  gave  definitions  of  acids  and  bases.  • 
UA  substance  which  produces  Hydrogen  (It)  ions  in  aqueous  solution  is  called 


an  acid.  ” 


HC1, 


h2o. 


■ItqY 


H  (*q)  +  Cl* 


1^2 
,-*P  C  W  CJ  »«- 
<u 

?3r-  *-  tti  2 

C3  -  ^ 

^  C  '  Q.«» 
'o-  7f  *» 

SC  to  Q  o  OSJ 

Ss  co  -2  ar  <=» 
cor  _  a:  _  « 
Ci.  to  _.r3  *■= 


— »  — 

“A  substance  which  produces  Hydroxide  (OBT)  ions  in  aqueous  solution  is 
called  base.  ”  • 

Example: 

..  Na0H<“5)  -c  >.  Na(lq)  -f  OHf#q) 

Why  did  Arrhenius  Theory  Failed: 

Arrhenius  definition  of  acids  and  bases,  are  limited  in  that,  they  apply  only  to 

containl'OH"^1^-  S°lu  p0ns  il  does  not  account  for  the  acidity  of  NH3,  it' does  not 
contain  (OH  )  group.  Few  acid  molecules  also  do  not  contain  (IT)  ions. 

ii)  What  is  Lewis  theory  of  acids  and  bases?  '* 

-ANSWER  ON  PAGE  #6 

ui)  List  the  main  general  properties  of  acids  and  bases. 

PHYSICAL  PROPERTIES  OF  ACIDS: 

ANSWER  ON  PAGE  #3 

CHEMICAL  PROPERTIES  OF  ACIDS:  1 

ANSWER  ON  PAGE  #  4 

PHYSICAL  PROPERTIES  OF  BASES: 

ANSWER  ON  PAGE  *  4 

iv)  Write  the  formulae  of  strong  acids  and  weak  acids. 

Ans.  DISSOCIATION  OF  ACIDS  AND  BASES 

ANSWER  ON  PAGE  #  4  &  5 

for  l?rC  (HlS0‘)  “  Str0ng  “id  WhUe’  (HS°;)  is  a  weak  acid?  Account 
•or  the  difference  in  strength? 

AllS'  fonst^hile^rv Str°n§  aCld  ^CaUS&  its  m^ecu,e  produces  two  hydrogen  (FT) 
ions  while  HSO.  acts  as  weak  acid  because^ produces  only  one  FT  ion. 

>1)  What  is  salt?  Give  four  examples  of  salts. 

Ans.  SALT 

*»  ™  ™"-“  b‘~-  —  •“  • 

STS’  t“,h" «*  «  Urn  M  «  S.I, 

KOH  +  HNO, - -  KNQs  -r  H20 


5=  ^  s  '£  “ 

*-*-U  r,  2  2  “3 


2  <  5  £ 

Zg  £  ca  ==  r, 
ex"  uj  *=» 


a 
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GROUPS  (TYPES)  OF  SALTS:  "  ^  ^  '  r 

ANSWER  ON  PAGE  #  7 

vii)  Give  an  example  each  of  mono-protic  acid.-  di-protic  acid  and  tri-protic  acid. 

ANSWER  ON  PAGE  ~  13 

viii)  Identify  the  following  as  a  weak  or  strong  acids  or  bases. 

\,d)  .\jri3  U4  i-iu/ri  *dj  ilLUUd  t,rurxnjc  acid) 

(e)  H2SO4  (f)H:C03  (g)  Al(OH)3  (h)  Ba(OH)2 

Axis. 


0 


Strong  Acid 

Weak 

Strong  Base 

Weak  Base 

(e)  H2S04 

0>)  H-PCL 

(c)LiOH 

ia)  NH? 

(d)  HCOOH 

(h)  Ba(OH)-> 

(g)  Al(OH)3 

(f)  H2CO:. 

E 


ix)  Define  molarity?  What  is  molar  solution? 

Ans.  Molarity  (M): 

“The  number  of  moles  of  solute  dissolved  in  Idm^  (1  litre)  of  a  solution-’ 
Moles  of  Solute 


Molarity  (M)  - 


Molarity  = 


Volume  of  Solution  (dm3) 
OR 

Mass  of  Solute 


*) 


Molar  Mass  of  Solute  x  Volume  of  Solution  (dm3) 

Molar  solution  means,  1  mole  of  solute  dissolved  in  1  litre  (1  dm3)  of  solution. 
Define  pH?  Explain  .why  a  neutral  solution  is  said  to  have  a  pH  of  seven. 

Ans.  pH  SCALE: 

The  Danish  chemist  Sorensen  proposed  that  only  the  number  in  the  exponent  be 
used  to  express  the  acidity'  called  pH  from  the  French  (Puissance  d.  Hydrogen  =  potential  of  ’ 
Hydrogen).  On  this  scale,  a  concentration  of  (1  x  10-')  moles  of  H30~  ions  per  liter  of 
solution  becomes  a  pH  of  7.  Similarly  a  concentration  1  x  KT10  M  becomes  a  pH  of  10 
and  so  on. _ 


pH  SCALE: 

The  negative  logarithm  of  the  concentration  of  Hydrogen  ion  [H“]  is  called  pH 


scale/ 

Mathematically: 

pH  =  -log  [HI 

.Any  neutral  solution  like  water  in  which  [I-T]  ion  concentration  is  1  x  10"  M. 
pH  = -log  [HI 


A 


=  —log  [10-1 
=  -  (-7)  loglO 
=  7  tog  10 
=  7x1 


pH  =  7  j  Answer 


,'fMER  prims  &  mmm 

*:  Shop  #  6.  B54/1;  Asif  Centre,;,/ 
Area,  Blcck-1,  Near  Usman- 
•’  Memorial  Hospital,  Karachi  »• 
0315-829GEG2  /  0321-2622769 
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Similarly  the  pOH  is  also  7.  i.e.  the  value  of  pH  =  7  and  pOH  =  7,  thus  solution  is 
NeutraL  "  . *  . 

The  smn  of  pH  and  pOH  of  any  solution  is  always 'equal  to  14. 
i-e-  pH  -  pOH  =14. 

7+7  =  14 

xi)  Calculate  the  pH  of  the  following  solutions. 


xii) 


Ans. 


0 


(a)  0.001  M  of  HC1 


Solution 

0.001  M  = 


-  c  - 


3  C  *  £  £ 

t-  r>i 

■—r*  O  u.  ro  cr> 

CJE:  ^  nvN 

~  o»  ' 

Ifl  y  t- 

-  —  —  n 


B 


Formula 


ZS3 


pH  =  -  log  I FT] 

=  -  log  [10“5] 

=  -  (t3)  log  1 0 
=  -  (-3)  x  1 

•  =-(~3). 
pH  =  3 

pH  =  3  Ans. 


XT 

CO 

m 


_  cn 

CO 


“  O  CN 
co 


rc 


A  Uog  10=1) 


de^  S  oS 

o  < 


uLl 


i£s  =  s 


Calculate  (FT)  ion  concentration  of  solutions,  whose 
(a)  pH  =  5.2  (b)  pH  =  9.63 

(a)  pH  =  5.2 
Concentration—  ? 

Solution: 

Formula: 

log  FT  =  -  pH 
log  FT  -  -5.2 
log  FT  =  (0.8  -  6) 

Taking  Antilog  on  both  sides 
FT  =  6.310  x  10"*  M 

-»  i 

Ans. 


^3  < 


H^  =  63  x  10~*  raole/dm3 


Ans.  (b)  pH  =  9.63 

Concentration  =  ? 

Solution: 

Formula: 

log  H*  =  -  pH 
By  putting  values 
log  FT  =  -9.63 
log  H*  =  (0.37-  10) 

Taking  Antilog  on  both  sides 
FT  =  2.344  x  1Q-I0M 


e 

t-J a>  JE 

=?  c» 
—  <u  O 
=30  L. 
— IT~  ,,  ro 

3* 

T~  ^  O 

co  0 

^  CO  £ 
nr  ~cn 
— ir  to 

ret  **  S 
Af  a.£ 


rc  <n 


CM 


a." 

c-  «N 

oS 


■P~  ~  2344  x  10~1Q  moie/dmJ 


.Ans. 
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xifi)  Fill  in  the  word  acidic,  basic  or  neutral  for  the  following  solutions:  '  V 

(a)  pH  =  7  Neutral 

.  .(b)  pH  >  7  Basic  ’  . 

(c)  pH  <  7  Acidic 

riv)  The  oOH  of  a  solution  is  9.40?  Calculate  the  fETl  ion  concentration. 

ADS.  pUH  =  4.4U  ' 

Required 

H^roncentration  =  ? 


Solution: 

'  pH  +  pOH  =  14 

.  pH + 9.4 =i4  FfitMIER-FRIPI^iirPHOTBSTft! 

\  ShoP  #  6-  BS4/1,  Asif  Centre/# 

pH -14-9.4  -F.B.  Area,  Block-1,  Near  Usman 

pH  =  4.6  ’  Memorial  “Hospital,  Karachi  •* 

*  0315-8290802  /  0321-2522759* 

log  H=  -  pH 

=  -4.6  .  -  V 

log  lf  =  (0.4-5)  ■ 

Taking  Antilog  on  both  sides 
H"  =  2.512  x  10 ~s  mol/dmH  Ans.  4 

xv)  Describe  clearly  how  a  solution  of  HC1  could  be  titrated  with  a  solution  of 
NaOH? 

.  '  •  ANSWER  ON  RaGE  n  12 

xvi)  What  %olume  fff  0.5  M  KOH  solutions  is  needed  to  neutralize  completely 
each  of  the  following: 


(a)  10.0  ml  of  03  M  HC1 
solution  (b)  10.0  ml  of  0 J.  M 
HjSO^oluti  on- - - (a-)-Datat- 


(b)  Data: 

Molarity  of  KOH  =  Mj  =  0.5  M 
Molarity  of  H2SQ4  =  M2  -  0.2  M 
Volume  of  H2SO4  =  V4  =  1-Q  ml 
Volume  of  KOH  =  V,  =  ? 


.PREMIES  PRIHT1NG&  PHOTOSTAT 

V  Shop  H  6,  BS4/1,  Asif  Centre^ 
•F.B.  Area,  Block-1,  Near  Usman 
Memorial  Hospital,  Karachi  * 
0315-82S08Q2  I  0321-2622769 


\  Shop  it  6,  BS4/1,  Asif  Centre^" 
»F,B.  Area,  Block-1,  Near  Usman 
•  Memorial  Hospital,  Karachi  _4 
0315*8290802  /  0321*2622769" 


Phffttirfo  &  PHBi  u;hvV 

f  Shop  #  6,  BS4/1,  Asif  Centre, . 
'.F.B.  Area,  Block-1,  Near  Usman 
:  Memorial  Hospital,  Karachi  , 
0315-8290802  !  0321-2622769 


fisasi  ?ws5PH8n..>.;u 

Shop  #  6,  BS4/1,  Asif  Centre, 
F.B.  Area,  Block-1,  Near  Usman 

- -Memori  aF  HosprtatrK  a  r  a  c  hi 

0315-8290802  /  0321-2622769 


A 


heMlfcK-PhWtWtHiPHilTfiSI 

Shop  #  6,  BS4/1,  Asif  Centre 
F.B.  Area,  Block-1,  Near Usrm 
Memorial  Hospital,  Karachi 
0315-8290802  1  0321-262270: 
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CHEMICAL  ENERGETICS  m 


THERMOCHEMISTRY: 


The  branch  of  chemistry  which  deals  with  the  study  of  heat  changes  in  chemical 


I 

The  branch  of  chemistry  which  deals  with  the  study  of  chemical  reactions  in  which 
heat  is  evolved  or  absorbed  is  called  thermochemistry. 

THERMOCHEMICAL  REACTIONS  (THERMO  REACTIONS): 

The  chemical  reactions  during  which  material  changes  are  accompanied  with  change 
ui  heat  energy ?  are  called  thermochemical  reactio ns  ° 

In  other  words,  during  the  conversion  of  reactants  to  products  along  with  evolution  or 
absorption  of  energy  is  called  thermo  reactions. 

TYPES  OF  THERMOCHEMICAL  REACTIONS: 

There  are  two  types  of  thermocbemical  reactions: 

1.  Exothermic  Reactions  2.  Endothehnic  reactions 

(1)  EXOTHERMIC  REACTION: 

Men  heat  energy  is  evolved  (released)  or  given  out  during  a  chemical 
change  or  reaction  is  called  exothermic  reaction. 

Explanation : 

ratal  h,caI  caCT®’  is  relcased  from  system  to  surroundings  so 

toa  energy  of  the  system  decreases.  It  is  because  total  energv  of  the  reactants  is  ereater'than 
,0QI  Products.  EXO  means  outside  and  THERM  means  heaL 

The  change  of  heat  energy  is  represented  by  AH  with  negative  sign  in  equations, 
i  ns  general  representation  is:  •  “ 

Reactants  — - *>  Products  +  heat 

samples  oS^’^loeasdi5P'aCen,entand  ™S’  °f  *=  ™ 

Examples: 

(i)  COMBUSTION  OF  COAL  (BURNING  OF  CARBON): 

(H)  ^O  R  M ATIO N  O  ^WATErTfI^^  HY  D  RO  GENAND^O  XYG  EN  • 

reaction  rg”" ufe^  moWhetT  ^  0x?*“  ?  ^  “  exaraple 

halfmoieofO;to  f^  “  *  rekaSed-  '  m°’=  °f  H-‘  ** 


AH  —  —  286  KJ/moi 


(m)  COMBUSTION  OF  METHANE  (BURNING  OF  METHANE): 

When  1  mole  of metbane^s  buntiTk^mof  ^fTT*  “  cnolhcr  example  of  cxoihermic  reaction. 

CHW  +  20«il  ►  CO;,.,  +  2H;0,ii  AH-  - 890 KJ/mol 
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(2)  ENDOTHERMIC  REACTION: 


When  heat  energy  is  absorbed  (taken  in)  during  a  chemical  change  or  reaction  is 
called  endothermic  reaction. 

Explanation: 

-  —  -- * — -  - — — i«il,  — L  --j  O  — jui  J  uUiJuli  Ji_>  .u  .3  OtJlli 

total  energy  of  the  system  increases.  It  is  because  total  energy  of  the  reactants  is  lesser  than 
total  energy  of  products.  ENDO  means  inside  while  THERM  means  heat. 

The  change  of  heat  energy  is  represented  by  AH  with  positive  sign  in  equations. 

The  general  representation  is: 


Reactants 


Products 


Decomposition  reactions  are  the  example  of  endothermic  reanions. 

Examples: 

i  • 

(i)  v  DECOMPOSITION  OF  WATER; 

The  decomposition  of  water  into  Hydrogen  and  Oxygen  is  an  example  of  endothermic 
reaction.  During  the  decomposition  of  Imole  of  water.  Imole  of  Hydrogen  gas  and  half  mole 
of  oxygen  gas  are  formed  when  286  Kilojoule  per  mole  of  heat  energy  is  absorbed. 


+  i-O, 


AH  =  -r  286  KJ/mol 


(ii)  FORMATION  OF  NITRIC  OXIDE: 

Imole  of  Nitric  oxide  (NO)  is  formed  by  combination  of  —  mole  of  N-  and  —  mole  of 

2  2 

Oi.  This  is  the  example  of  endothermic  reaction.  During  this  reaction  90  Kilojoules  per  mole 
heat  energy  is  absorbed. 


USE  OF  EXOTHERMIC  REACTIONS 

To  make  food  warm: 

In  modem  army,  armed  forces  can  be  warmed  their  food  without  using  stove  or 
campfire.  The  pouch  that  contains  the  food  is  attached  to  flaroeless  radiation  heater.  The  heater 
contains  chemicals  that  react  with  water  to  produce  heat.  When  the  pouch  is  placed  in  a  bag 
and  water  is  added,  temperature  of  the  food  reaches  upto  60°C  within  1 5  minutes. 

Mg  <„+  2HjO  (l) - >-  Mg(OH):  (t)  +  H2(I)  AH  =  -  3 . 53  KJ/mol 


The  reaction  of  (Mg)  with  water  is  slow,  because  of 
the  formation  of  film  of  Magnesium  Oxide  (MgO). 
The  reaction  of  Mg  with  water  is  highly  accelerated 
in  the  presence  of  iron  (Fe)  and  common  salt 
(NaCl).  Thus,  the  fiaraeless  radiation  heater 
contains  a  mixture  of  Mg  (Magnesium).  Fe  (Iron) 
and  NaCl  (Sodium  Chloride). 


Food  pouch 
Heater  (Mg) 


I 
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exothermic  reactions 

ENDOTHERMIC  REACTIONS 

The  reaction  in  which  heat  energy  is 
released  is  called  Exothermic  reaction.  ^ 

The  reaction  in  which  heat  enerav  is 
absorbed  is  railed  FndntH* — <•> 

During  this  reaction,  total  energy  of  the 
system  decreases. 

During  this  reaction,  tora!  energy  of  the 
system  increases. 

_Exo  stands  for  outside  while  therm  means 
neat. 

Endo  stands  for  inside  while  therm  means 
heat. 

It  is  denoted  by  A  H  with  negative  sien. 

It  is  denoted  by  A  H  with  positive  sian. 

The  initial  enthalpy  (energy)  of  the  reaction 
is  greater  than  the  final  enthalpy  of  the 
reaction. 

The  initial  enthalpy  (energy)  of  the  reaction 
is  less  than  the  final  enthalpy  of  the  reaction. 

Combustion,  \neutralization,  addition  and 
single  displacement  reactions  are  the 
examples  of  exothermic  reactions. 

Decomposition  reactions  are  the  examples 
of  endothermic  reactions. 

The  general  representation  is 

Reactants  - ►  Products  •*»  heat 

The  general  representation  is 

Reactants  +  heat  - *.  Products 

HEAT  OF  REACTION: 

reaciom'  ™°Um  °f  **  abSOrbed  °r  evolved  *  chemical  reacrion  »  called  hea,  of 

HEAT  CONTENTS  OF  a  SUBSTANCE  (ENTHALPY): 

Heat  contents  of  a  ^ctio^rellwtaned  IS  ^  °f  thaI  5ufcstan“' 

The  whole  contents  of  a  sj.stem  (substance,  are  called  enthalpy  ’ 

It  is  denoted  by  (H). 

ENTHALPY  OF  REACTION: 

reactor  eZa^anZ  "  instant  pressure  is  known  as  enthalpy  of  the 

Explanation: 

either  Absorbed  or  evolved^T^is^s  be-ause^e^  T  Pr0dU=B  *nd  hsa'  «**>  * 

different.  It  means  the  Enthalpy  of  aVher^rJnf  COnients  °{lhese  respective  substances  are 
contents  of  products  (H.J  and  reactants  <H0  of  tka^ reaction.  *• 

ah  =  R2  _  H, 

Representation  of  Enthalpy: 

heat  content  during  a  che^SlearimV He r  ti*'  Ch”ge  ” 
represents  the  change  in  the  property.  P  '  d  '  M  Herw  ure£X  lener  A  < delta  s 
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Enthalpy  for  Endothermic  Reaction: 

If  enthalpy  of  products  is  greater  than  the  enthalpy  of  reactants,  then  the  sign  of 
AH  will  be  positive  and  over  all  reaction  is  endothermic  and  heat  is  absorbed. 

AH  =  H2  -  Hi  [H2>Hi  so  AH  is  positive] 

Where 


Hj  :  heat  contents  of  reactants 

- 

H2  :  heat  contents-of  products 

Examples: 

-  .  H20  — 

- *  H2 

l/202 

AH  =  +  286.0  KJ/mol 

n 

o 

1 

— ►  c  + 

o2 

AH  =  +  393.7  KJ/mol 

\n  N2+  1/2  02  — 

- -  NO 

AH  =  +90.0  KJ/mol 

Enthalpy  for  Exothermic  Reaction: 

If  enthalpy  of  products  is  smaller  than  the  enthalpy  of  reactants,  then  the  sign  of 
AH  will  be  negative  and  overall  reaction  is  exothermic  and  heat  is  evolved. 

AH  =  H2  -  H]  [H2  <  Hi  so  AH  is  negative] 

H2  +  1/1O2 - H:0  AH  =  -286.0  KJ/mol 


B 


0 


0 


c  +  o2 

CH4  +  ’  2  02 


C02  AH  —  —  393.7  KJ/mol 

C02  +  2H:0  AH  =  -  890.4  KJ/mol 


•  THE  MEASUREMENT  OF  ENTHALPY 


Exothermic  and  endothermic  reactions  can  be  detected  by  knowing  the 
temperature  of  the  reaction  vessel  before  and  after  the  reaction. 

>. ^  -A-rase-iruemperauire-indicates-an-exodieHnie-reaEtioHr - 

>  A  fall  in  temperature  indicates  an  endothermic  reaction. 

^  Accurate  value  of  AH  can  be  determined  by  using  Calorimeter. 

>  A  calorimeter  is  basically  an  insulated  container  equipped  with  a  thermometer 
and  a  stirrer. 


Procedure: 


Reactants  in  calculated  amounts  are  placed  in  the  calorimeter.  When  the  reaction 
proceeds,  the  heat  energy  evolved  or  absorbed.  The  temperature  of  the  system  before 
and  after  the  chemical  reaction  is  recorded.  Knowing  the  temperature  change,  the  mass 
of  reactants  present  and  the  specific  heat  capacity  of  the  reaction  mixture,  the  value  of 
AH  can  be  calculated. 

NEUTRALIZATION 


E 


c 

2 


n: 


c 

c 


S 


The  reaction  in  which  an  acid  reacts  with  a  base  to  form  water  is  called 
-Neutralization  Reaction-  In  other  words,  when  a:-:  acid  reacts  with  a  base  as  a  result 
water  is  formed. 

H+  +  OH"  - -  H20 
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HEAT  OF  NEUTRALIZATION: 

The  amount  of  heat  evolved  when  one  mole  of  Hydrogen  ions  (H  f  from  an  acid 
reaets  h *A  nuto  of  Hydroxide  ions  (OH!  from  an  alkaloform  one  Lole^Z 

m  J”L  °ther  ”?rdSJ  th£  am°Unt  0f  heat  evoIved  durin8  a  neutralization  reaction 
h  h  0ne  raole  of  water  is  formed  is  known  as  Heat  of  Neutralization. 


Examples  of  Heat  of  Neutralization 

NaOH,..,  4-'  wn  .  .  .  ^  ^ 

AH=  —  57.3  KJ /mol 

KOH  r,n\  -f  TTMO- 

i'lak-i  Uq-(  -  it2U{1) 

1*45)  rl-N*-,j(aq) 

‘JNafYH.  .  -4-  tj 

KNOj  (aq)  +  H20(i) 

AH=  — 57.3KJ/mol 

- «iou  4,„,  xva2bU4  caqi-*-  4H20(i)  AH=>  -(2*  57.3)KJ/mo] 

Note:  The  heat  of  neutralization  for  any  strong  acid  with  stron*  base  is 
approximately  same.  • 

determination  of  heat  of  neutralization 

Procedure: 

.  Take  50  cm3  of  molar  NaOH  solution  and  50  cm5  of  molar  HC  C  solution  and 


OR 


AH  =  m  x  S  x  At 
AH  =  m  x  S  x  (t2  - 1]) 


Observation  and  Calculations: 

1-  Mass  of  calorimeter  along  with  stirrer  A 

2.  Mass  of  calorimeter  with  stirrer  h-  salt  solution 

3.  Mass  of  solution  (m2  -  mj  ) 

4.  Specific  heat  of  salt  solution 

5.  Initial  temperature  of  reactants 

6.  Final  highest  temperature 

7.  Increase  in  temperature  i-e.  t2  -  tj  _ 

Heat  of  neutralization  is  given  by  AH  =  m  *  s*  At 


m, 

m2 

m 

S 

t] 

t2 

At 
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EXAMPLE  QUESTION: 

Ql.  Calculate  the  heat  ef<»rieutralization  of  NaOH  by  HC1  when  50  ml  of  NaOH 
and  50  ml  of  HC1  were  reacted.  A  calorimeter,  of  50  g  is  used  and  its  weight 
was  found  150g  taken  along  with  solution  after  reaction.  The  temperatures 
•were  noted  as  20°C  and  26.8°C  at  the  start  and  end  of  reaction  respectively. 


DATA: 

Given: 

1. 

2. 

3. 

4. 


Mass  of  calorimeter  along  with  stirrer  = 

. ml 

=  50  g 

Mass  of  calorimeter  with  stirrer  +  salt  solution  = 

■  m2 

=  150  g 

Mass  of  solution  (m; 

-  mi) 

m 

=  100  g 

Specific  heat  of  salt  solution 

= 

S 

=  4.25  J/g/°C 

Initial  temperature  of  reactants 

= 

tj 

=  20  °C 

Final  highest  temperature 

= 

t2 

26.S"C 

Increase  in  temperature  i-e.  (t2 

-  to 

At 

=  6.8  "C 

REQUIRED: 

Heat  of  neutralization  =  AH  =  ? 


£  FORMULA: 
2  SOLUTION: 


Heat  of  neutralization  =  AH  =  m  x  Sx  At 

Heat  of  neutralization  =  AH  =  m  x  Sx  At 
=  AH  =  100a  x  4.25  — 


x  6.8CC 


w . . _1 . . . . - . . . AH  =.  2S9Q  J _ _ _ __ _ ________ _ 

£  The  value  obtained  i.e.  2890J  is  for  50ml  of  solution,  as  a  molar  solution  is  used 

o  therefore  for  1  mole  of  NaOH  the  heat  of  neutralization  can  be  calculated  by  the 
<  following  method: 


>  For  50  ml  of  solution  the  heat  of  neutralization  is  2890  J 

2890  J 

>  For  1  ml  of  solution  the  heat  of  neutralization  is  — - 

50  ml 


£  -  •  -)g90  j 

S  >  For  1000  ml  (one  dm*")  of  solution  heat  of  neutralization  is  A - x  1000  ml 

2  50  ml 

2  The  beat  of  neutralization  for  1000  ml  (one  dm3)  of  solution  is  57800  J  or  57. S  KJ. 
55  As  the  solution  is  molar  so  it  can  be  written  as  57.8  KJ/mol.  The  heat  of  neutralization  of 
«  N2OH  by  HC1  is  AH  =  —  57.8  KJ/mol. 

3 

w  Negative  sign  is  used  to  represent  exothermic  reaction 

t— 

2 

J  r— - ■ 

The  heat  of  neutralization  of  NaOH  bv  HC1  is  AH  =  —  57.  8  KJ/mol . 
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EXERCISE 


IX -Chemistry,  Chapter  #10,  Page  #  9 


1  •  Rli  In  The  Blanks: 

fl)  The  Chemical  reaction  in  which  the  heat  is  given  out  is  called  thermic 
reaction. 


(iv) 


enthalpy  of  reaction sc. 

~ai - 


Acid  base  reaction  is  called  muxraU-atinr,  reaction 


+ 


o. 


'2  (B) 


lo, 


2  tel 


C02(g)  AH  =  -  393/7 KJ  /  mol 
H20(lj  AH  =  —  286  KJ/uiol 


(b)  Heat  energy-  is  gained. 


0 
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o 

trt 

v ) 
u 
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0 

UJ 

tr 
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iu 

u 
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c 

£. 

B 


(V)  c(s) 

M)  H2(£)  + 

2.  Tick  The  Correct  Answers: 

O')  In  an  exothermic  reaction. 

(a)  Heat  energy  is  lost. 

(c)  Heat  energy  is  lost  as  well  as  gained. 

(d)  None  of  them. 

(ii)  In  an  exothermic  reaction. 

(a)  Container  becomes  hoc 

(b)  Container  becomes  cold. 

(c)  The  temperature  of  container  remains  the  same. 

(d)  None  of  them. 

Oii)  During  an  endothermic  reaction. 

(a)  Container  used  becomes  cold,  (b)  Container  used  becomes  hot 

(C)  The  temperature  of  container  used  remains  same. 

(d)  Total  energy  of  reactants  increases. 

The  hea,  evolved  during  the  format™  of  1  mole  of  water  from  H,  and  O,  is 
W  286  Kilojoules  /mol  (b,  186  Kilo  joules  /  mol 

<C)  300  ^0  joules 'mol  (d)  200  Kilo  joules  /  mol 

The  formation  of  water  form  H:  and  0;  is  the  example  of: 

(a)  Exothermic  reaction.  (b)  Endothermic  reaction. 

(c)  Neutralization  reaction  (d)  None  of  them 

ANSWERS: 


A 


(iv) 


(V) 


(m)  Heat  evolved  or  absorbed  during  a  chemical  reaction  at  constant  pressure  is  called 
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•  IX-ChemistTy,  Chapter#  10,  Page  #10 

3.  Write  answer  of  the  following  Questions: 

(i)  Define  the  following  terms:  *"•- » 

(a)  Thermo  chemistry  Answer  on  page  3 

(b)  Exothermic  reaction  Answer  on  page  3 

Ll.iuutilCiniiu  iwdCUuil  ,  ojt  -r 

(ii)  Give  atleast  wo  equations  of  exothermic  and  endothermic  reactions. 

Answer  on  Page  6 

(iii)  Which  of  the  following  are  exothermic  or  endothermic  processes? 


E3 


(a)  ' 

The  decomposition  of  mercuric  oxide  (HgO). 

Endothermic  Reaction 

(b) 

The  electrolysis  of  water. 

Endothermic  Reaction 

(c) 

The  reaction  of  (Na)  with  water. 

Exothermic  Reaction 

(d) 

The  burning  of  methane  CH». 

Exothermic  Reaction 

(e) 

The  decomposition  of  KCIO3. 

Endothermic  Reaction 

(0 

A  match  bum. 

Exothermic  reaction 

Define  the  following  terms: 

00 

Enthalpy 

Answer  on  page  5 

(b) 

Enthalpy  of  reaction. 

Answer  on  page  5 

V 


(v)  Define  heat  of  neutralization.  What  would  be  the  value  of  heat  of  neutralization  when 
strong  acid  reacts  with  strong  base? 

HEAT  OF  NEUTRALIZATION 

The  amount  of  heat  evolved  during  a  neutralization  reaction  in  which  one  mole  of 
water  is  formed  is  known  as  Heat  of  Neutralization. 


(OR) 

The  amount  of  heat  evolved  when  one,  mole  of  Hydrogen  ions  (H  */ from  an  acid,  reacts 
with  one  mole  of  Hydroxide  ions  ( OH~ )  from  an  alkali  to  form  one  mole  of  water. 

The  heat  of  neutralization  for  any  strong  acid  with  strong  base  is  approximately  same. 
Some  examples  are  given  below: 


0 


g- 

NaOH.sq,  - 

HCU,  — 

- ►  NaClfaq-,  + 

H:0(i ) 

AH  = 

-  57.3KJ/mol. 

KOH,aq-,  + 

HNO»ki  - 

— KNO;.  uq)  -r 

H3Om 

AH  = 

—  57.3KJ/mol. 

2NaOH.iq  - 

H^SOiiaq) 

*"  Na2SOq  uqi“ 

2H2OfIi 

AH  = 

—  (2  x  57.3jKJ/mol 
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(a):  By  Liquefaction: 


fX-Chemistry,  GhaptenSMl,  Page# 


When  water  gas  is  cooled  down  unto  — '}f)fi°r'  rva rknn  _ 

remains  as  sas.  The  trace*;  nf  rn  P  t.  bon  monoxjde  h^efies'  and  H2 

mixmre  with- caustic  soda  (NaOH  solution)  ^ 

C0<s>  +  NaOH(iq,  — - ».  HCOONa  (aq) 

Sodium  Formate  • 


a 


rj~'\ 


14  ■  iwtcjj/ 


13 


Iron  o^~r£  Ste?1.is  paSSed  throu§h  water  at  500°C  in  the  presence  of 
gas  which  is  soluble  in  water  whileH2  hmains 


C0LC)  +  H2(gl+  h,0  a) — h£0- 

t  .  -  (s'  500°C 


Water  gas 


CO,,.,  2H,,„, 
Soluble  in  water 


3-  By  The  Thermal  Decomposition  of  Methane: 

Tin _ 


When  methane  sas  is  heated  ahnve  70A°r^  •  ■,  V  ■ 

obtained  along  with  solid  carbon  black  by  the  thenttall^S^o^of  me^e.  *“  * 


CH4 


700°C 


^  Absence  of  air*  C(S)  t  2H2  (ej 

Carbon  black 


F3 


ir  _  v-iucion 

use  of  Carbon  Black  (Lamp  Black): 

Itis  awS polishes.  c“apS 

4.  By  The  Electrolysis  of  water: 

■  .  H:  gas  can  be  produced  by  the  electrolysis  of  water. 

-SgEHigg  ,  '  7u  ,  ^ 

acid  or  base) ”  — ri2(|r)‘r  U2(g) 


2H20 


(D 


Physical  Properties: 

1-  Hydrogen  is  a  colourless,  odourless  and  tasteless  sas. .  • 

It  is  insoluble  in  whaler.  . 

It  is  highly  inflammable  gas  arid  burns  with  blue  flame. 

Certain  metals  adsorb  hydrogen  on  their  surfaces 

fa  electronegative  is  2.1  while  its  ionization  energy  is  13.54e.v  or  13PKJ  And 
fa  bond  dissoctanon  energy  (H  -  H)  is  1 04  KCal  /  tnol  or  435KJ/mol.  “  '  ' 

-  ^iqueiies  at  -  2o2°C  and  freezes  at  -  259°C. 


2. 

3. 

4. 

5. 

6. 
7. 


Chemical  Properties 
1,  Decomposition  of  Molecular  Hydrogen  (Hz): 

S°  ft  is  - 


H-H 


a 


V 


E 


E 


a 
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IX-Chemistry,  Chapter#  11 ,  Page#  3 


HYDROGEN  AND  WATER  [JJ 

HYDROGEN 

Introduction: 

- J  1.,.  f  j:~r,  *»  T—  ~  —  -  .  ,, 

aiiute  hydrochlonc  acid. 

Zn.(s)-r2HCl  (aq)  ►  ZllCli  (aq)  +Hi  ^ 

In  Greek  language,  Hydrogen  means  water  producer.  This  name  was  given  by 
Lavoisier. 

OCCURRENCE: 


In  Universe: 

Hydrogen  is  one  of  the  most  abundant  elements  in  the  universe;  the  sun  and  the 
other  stars  axe  largely  composed  of  Hydrogen.  It  is  the  nuclear  fuel  consumed  by*  the 
sun.and  the  other  stars  which  produces  energy.  About  70  %  of  the  universe  is  composed 
of  Hydrogen^ 

In  Earth: 


In  the  earth  crust.  Hydrogen  is  the  9th  most  abundant  element.  0.89  %  of  earth 
mass  depends  upon  Hydrogen.  It  is  found  in  negligible  quantities  in  Free  State. 

In  Combined  State: 


0 


In  the  combined  state,  it  occurs  as  water  (H20)  which  is  the  most  abundant 
compound  on  earth.  Water  contains  11.11  %  Hydrogen  and  88.89  %  Oxygen  by  mass. 
Petroleum  and  other  organic  materials  also  contain  Hydrogen.  Petroleum  and  natural 
gas  are  mostly  hydrocarbons. 

INDUSTRIAL  PREPARATION  OF  HYDROGEN: 

1-  By  passing  Steam  Over  Coke  (Steam  -  Coke  Process): _ 

At  1000°C,  steam  is  passed  over  redliot  coke  (carbon)  then  a  mixture  of  Carbon 
monoxide  and  Hydrogen  gas  is  produced.  This  mixture  of  gases  is  called  water  gas. 

c«+  H-  0(!.)  — igg  ►  CO(.j  +  Hi  (S) 

Water  gas 

2.  From  Natural  Gas  (Steam  -  Hydrocarbon  Process): 

At  900CC  and  in  the  presence  of  Nickel  catalyst,  steam  reacts  with  Hydrocarbons 
(like  methane  CHV)  as  a  result  water  gas  is  produced. 


CH4(S)-H;0  (ttl  CO{c)-3H2l£) 

v _ 1 _ j 

V 

Water  gas 

Water  g^s  is  a  very  good  fuel  and  is  also  used  in  the  preparation  of  methanol 
(Methyl  alcohol). 

H2  gas  can  be  separated  from  water  gas  by  the  following  methods: 

.  (a)  By  liquefaction  (b)  By  oxidation  (Bosch  Process). 
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IX-Chemistry,  Chapter#  11.  Page#  5 


2.  As  a  Reducing  Agent: 

T  Sh0WS  sleatEr  affinity  for  0xy§“  and  reduced  many  metal  oxides  i 
CuO  (,)  -  H2  (e,  — - ► 


free  metalsr  «-  * 


into 


(?) 


W03(s)  +  3H2(fi) 


Beat 


Cu  (s)  .+  H:  0 
Copper 

W(a)+  3H20(s, 


J.  Hydrogenation  Reaction  (Addition  of  Hydrogen): 

.The  addition  of  Hydrogen  into  other,  molecular  compounds  is  called 
Hydrogenation  reaction.  When  molecular  (covalent)  compounds  react  with  hydro  sen 
and  heated  m  presence  of  Pt,  Pd  or  Ni  catalysts  then  addition  products  are  obtained. 


ZnO  /  CrjO 

^  ~ i  -  (£)  400eC/high  pressing  *  CH3  OH  {/) 
water  sas  Methyl  alcohol 


(i)  CO  +  2H-> 


(ii)  Edible  oils 


Unsaturated  Hydrocarbon 
(Liquid) 


H 


Ki  /highTc^^  Vegetable  Ghee 

Saturated  Hydrocarbon 
(Solid) 


:isi 


4.  Reaction  with  Metals: 

Alkali  metals  (Na,  K,  etc)  and  alkaline  earth  metals  (Ca.  Ba.  etc)  react  with 

Hydrogen  on  heating  to  form  ionic  Hydrides. 

2Na  (s)  +  H:(g)  -Qo  Dc  t  2  NaH  (s) 
r  .  Sodium  hydride 

5.  Reaction  With  Non  —  Metals: 

.  Hydrogen  reacts  with  many  non-metals  under  different  conditions  to  form 
addition  products. 

2Hc(s,-0,te)  2H.0 


XT  _j_-.Tr  45C*C/200-250atm 


U) 

2NH 


Sip) 


Uses: 

1.  It  is  used  in  weather  balloons. 

2.  It  is  used  as  a  fuel  in  the  form  of  water  gas. 

3.  Hydrogen  is  used  in  the  manufacture  of  fertilizers. 

4.  It  ;s  used  in  the  manufacture  of  tungsten  bulb  filaments. 

5.  It  is  used  (as  reducing  agent)  for  the  purification  of  metals. 

6.  It  is  used  in  the  manutacture  of  vegetable  ghee  bv  edible  oils. 

7.  It  is  used  in  the  preparation  of  chemicals  like  NH3,  CH3OH,  etc. 

8.  Hydrogen  is  used  in  the  formation  of  Hydrogen  torch  which  is  used  cutting  and 
welding  (temperature  reaches  up  to  4000°C). 


□ 
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..  .  „ IX-Chemistry,  Chapter#.  IT,  Page#  6 

Nascent  Hydrogen:  ^ - 

Hydrogen  at  the  time  of  its  generation  during  a  chemical  reaction  is  called 
Nascent  (newly  bom)  Hydrogen.  It  is  found  in  atomic  form  stYfr  is  chemically  more 
reactive  than  Molecular  Hydrogen. 

2HC1  (aqf  +  Zn  (s) - ►  ZnCl2!s)  +  2[H] 

Example: 


Consider  the  brownish  colour  acidic  Ferric  Chloride  (FeCl3),  when  H2  gas  is 
passed  through  it,  no  change  is  observed  but  when  a  piece  of  Zn  metal  is  added  in  the 
solution,  then  Nascent  Hydrogen  is  generated  which  reduces  FeCl3  to  FeCl2. (greenish  in 
colour). 

FeCl3  (aq)  +  H2  (g)  — - ►  No  reaction 


S 


FeCls  (aq)  +  [H] 


Zn  /  HC! 


Nascent  hydrogen 


EeCl2laq)+HCl(aq) 


ISOTOPES  OF  HYDROGEN: 

"The  atoms  of  an  element  having  same  atomic  number  but  different  atomic 
masses  are  called  isotopes. " 

OR 

" The  atoms  of  an  element  contain  same  number  of  protons  but  different 
number  of  neutrons  in  the  nuclei  is  called  Isotopes.  " 

Following  are  the  three  isotopes  of  hydrogen: 

(i)  Protiura  (ii)  Deuterium  (iii)  Tritium 


□ 


T3 

70 

> 

O 


(i)  Protium  or  Ordinary  Hydrogen  Atom(jH): 

Protium  (Hydrogen)  contains  one  proton  without  any  neutron  in  the  nucleus  while 
one  electron  is  present  in  its  first  orbit  (shell).  Its  atomic  number  is  1  and  mass  number 
is  also  1.  It  is  found  about  99.98%.  It  is  stable  isotope  of  Hydrogen. 
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'  fX-Chernistry,  Chapter#  11,  Page# 7 

00  Deuterium  (D  or  ;H): 

•  Deuterium  contains  one  proton  and  one  neutron  in  the  nucleus  while  one  electron 
It  is  known  as  heavy  Hydrogen.  Deuterium  was  discovered  in  1931  by  Urey. 


Deuterium  (;D  or;H) 


(in)  Tritium. (T  or  \H): 

Tntmmi contains  one  proton  and  two  neutrons  in  the  nucleus  while  one  electron  is 

n?°r  bT  ltS  firSt0rbl'(shell)‘ llS  ^t0mic  number  is  1  and  mass  number  is  3.  It  occurs  in 
negligible  quantities  about  4  x  10“15  %. 

.  It  is  radioactive  isotope  of  Hydrogen  with  half  life  about  12.5  years  It  is  used  as 
moderator  m  the  nuclear  reactions  while  as  a  tracer  in  biochemical  tests'. 


Tritium  (3j  or  ;h) 


WATER: 

Introduction: 

Water  is  one  of  the  most  abundant  compounds  on  earth.  Water  is  a  universal 
so  vent.  Water  which  is  found  in  the  nature  is  known  as  natural  water.  On  the  other 

and  water  which  has  obtained  by  some  treatments  is  known  as  treated  water.  Distilled 
water  is  the  purest  form  of  water. 

Physical  Properties: 


(1) 

(2) 

(3) 

(4) 

(5) 


Water  is  a  colourless,  tasteless  and  odourless  liquid. 

At  4=C  its  density  is  about  l.OOg'cm3. 

Its  melting  point  is  OwC  while  boiling  point  is  ]00°C. 

Water  possesses  many  unusual  propenies  due  to  hydrogen  bonding,  for  example 
it  melts  .and  boils  at  much  higher  temperature  than  other  liquids. 

It  is  one  Oi  the  few  substances  that  expand  upon  freezins. 


Anomalous  Behaviour  of  Water: 

When  boiled  water  is  allowed  to  cool  down  from  100°C  to  4CC.  molecules 
contract  but  it  expands  on  farther  cooling  from  4CC  to  0°C  which  is  asainst  the  law. 
iis  irregular  behaviour  of  water  is  called  Anomalous  Expansion  of  Water. 
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Reasons  for  Anomalous  Behaviour  of  Water:  ^ 

Water  is  a  polar  molecule  so  water  molecules  are  associated  by  means  of 
Hydrogen  bonding,  in  which  The  slightly  positive  Hydrogen  atom  is  attracted  by  the 
slightly  negative  Oxygen  atom  of  other  water  molecule.  This  type  of  inter  molecular 
forces  of  attraction  between  the  polar  molecules  is  called  dipole-dipole  interaction 
while  polar  molecule  contains  Hydrogen  then  this  attraction  is  also  called  Hydrogen 
bonding.  It  is  denoted  by  dotted  lines.  Hydrogen  bond  is  secondary  bond. 


if  if  ■  if  if 

If  if  if  if 


Hydrogen  Bonding 


Although  Hydrogen  bonding  is  the  strongest  secondary’  bonds  but  it  is  still 
weaker  than  normal7  covalent  bonds.  The'  Hydrogen  bond  affects  the  physical 
properties  of  a  substance  such  as  melting  point,  boiling  point,  heat  of  fusion,  etc. 

When  water  is  heated  from  0°C  to  4°C  it  shows  contraction  instead  of 
expansion.  Similarly  when  it  cools  down  from  4°C  to  0°C  it  shows  expansion  rather 
than  contraction. 

Application  (Use)  of  Anomalous  Expansion  of  Water: 

Due  to  anomalous  behaviour  of  water,  the  aquatic  animals  survive  in  the  winter 
season  in  cold  regions  where  temperature  reaches  much  below  0°C.  When  temperature 
falls  during  winter  season,  water  of  the  sea  is  cooled  and  contracts  till  4°C,  On  further 
lowering  temperature,  water  on  the  surface  becomes  ice  which  floats  ahnvs  thp  gnrfar.p 
of  water  at  4CC  because  ice  is  lighter  than  water  at  4°C.  The  aquatic  animals  go  down 
in  the  water  at  4°C,  dissolved  oxygen  is  sufficient  of  their  survivals  through  out  the 
winter  season. 


i — r-j a  ra  cn 

c E  s 
1 — -jp  •cw'- 

>  (  -  — J33 


jpsT?1-  ®  Ota.- 

Lin 

'm'  5  2 ' 


STRUCTURE  OF  ICE 


B-14,  BLOCKS,  GULSHAN-E-1QBAL  KARACHI.  @ :  34976530-34812547-34984762  S 


178 


PRACTICAL  CENTRE  0  HSSION  2016-2017  0  PRACTICAL  CENTRE  0  SESSION  2016-2017  0  PRACTICAL  CENTRE  0  SESSION  2016-2017  0  PRACTICAL  CENTRl 


.  CHEMICAL  PROPERTIES  OF  WATER 
Rea«ion  With  Metals: 

-r  of  reactivity  ^ 

(a)  More  Electropositive  Metals  TaT  , h?  ^“chemical  series. 

Sodium.  Potass  urn  from^  r  and  AlkaBu*  Earth  Metals): 

**  b»s  with  the  Sif&H*  f0Zy  rC‘  K'th  C0W  —  ®  form 
w-hiie  Cglcwrn  -i _ u.  '  Sas-  oodium  grid  rjotascmm  . , 


2Nafs1+  dHoD 

^UHn+l^  (Fast)  K| 

2km  +  2H;0(I)  — S»ld  >  oKnH  .  ‘  -  N*  f  More‘ 

-KOHfj,)  +  H,(e)  (Fast)  cJ 

00  U»  E,OToB„la>.  Mi„1kC,<0H>~  ’  <s’“>  "  ^ 

■«— -tassas  ex?"'  “■  -  s  J 

Mg(s)  +  H,0(1)  MgO(s)  -a  Hijji  ” 

Zn(S)  +  H20  ,d  _  2nO„  +Haw  MNobIe 

3Fe(slt4H:0(s,  ^  Fe^.-P  4H„ 

(Noble)  metais  HKe.  Copper,  SHver,  Mercury  and  Go.d  do  not  reaet 

2-  Reaction  With  Non-Metals: 

(a)  With  Chlorine  (Bleaching  Action): 

acid  (HOmm^r1111  Water. 10  pr0duce  hy^chloric  acid  (HCI)  and  Hvpochlorous 

,S.UnStab!e  “d  «*«%  liberates  atomic  oxygen  which 
bleaching  amToxidizing  agent.tena  ^  °X'dat,°n-  ™re’  Ch!o™e  in  —  acts  as 


2NaOH(aq)  +  H2(£)  (Fast) 

2K0H(aq)  +  H2(g)  (Fast) 


Ca(*>  -4-  2H20  <n  --^o]d  ...»  Carom  ,  __ 

fM  ,  CI  L a(QHhm  ~  H2(s)  (Slow) 

W  Less  Eieccroposicfve  Metals: 

Mgts,  +  H20(|,  __J b°<  »  MgO,„ +' HJ(i) 


Zn(S)  -r  H20 


ZnO(s)  -f  H2  i 


HOCl(aq) 

acxs  as  oxidizing  and 
bleaching  agent 

[0]  +  [0] 


HC1,„,  +  HOCl(»qi 
HC1„„  +  [O] 


(b)  With  Carbon: 

monorid-!S‘d^iS  P25Sed  h0t  C°ke  (Carb°n)  *en  a  m*xture  of  Carbon 

noxid.  and  Hydrogen  gas  is  produced.  This  mixture  of  gases  is  called  water  gas. 

-  w  „  t  riAA:r 


J^COb1.h!(s1 

(c)  With  Silicon:  ZZZZZ 

the  liberation  of  H-gas!*  ^  “gh  ,emPera^  ■»  form  silicon  dioxide  with 


water  gas 


Si^^H.O,,.  SiOi |Sl  2Hi ls) 
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Reaction  with  Calcium  Oxide  (Quick  lime): 

Calcium  oxide  partially  dissolves  in  water  to  form  Calcium  Hydroxide 
(i.e  lime  water).  _ 

.  CaO(s)  +  H^Ofi)  **  Ca(OH)2<3q) 

quick  lime  lime  water 

WATER  AS  UNIVERSAL  SOLVENT: 


ii.  -W.L.W 


0  6- 


0 


covalent  compounds.  It  can  dissolve  more  substances  than  any  other 
solvent  The  great  dissolving  power  of  water  is  due  to  its  polar  nature. 

One  side  of  water  molecule  is  slightly  positive  while  the  other  side  is 
slightly  negative  (this  effect  is  also  called  dielectric).  H 

As  a  result  of  polar  nature,  water  is  an  excellent  solvent  for. 

Electrovalent  (ionic)  solutes  like  salts,  mineral  acids  and  bases, 
e.g.  NaCl,  HN03,  HC1,  H2S04,  NaOH,  etc. 

Covalent  compounds  w'hich  contain  hydroxyl  group  (-OH)  also  dissolve  in  water, 
e.g.  glucose,  sugar,  alcohols,  etc.  \ 

Gases  also  dissolve  in  water  like  ammonia,  hydrogen  chloride,  nitrogen  pentao^ide 
(N2O5)  etc.  Other  gases  like  S02j  C02,  Cl2  are  fairly  soluble  in  water.  The  solubility  of 
gas  decreases  with  the  increase  in  temperature. 

WATER  OF  CRYSTALLIZATION: 

During  the  process  of  crystallization,  some  water  molecules  are  surrounded  by  the 
ions  of  salt  (solute).  These  water  molecules  are  known  as  Water  of  crystallization. 

The  salts  containing  water  molecules  are  generally  known  as  Hydrates. 

Examples: 


Cus04 . 5H207  Fes04 . 7H20,Na2C03 . 10H2O,  A1C13 . 6H:0,  BaCl2 . 2H20.  etc. 

■CuS-Q4.,J,H2-Q<t) . . . 


„  _  crystallization 

CuS04^q  5HtO  (i)  _ 


HEAT  OF  HYDRATION: 

The  minimum  amount  of  heat  liberated  in  the  formation  of  Hydrate  is  called 
heat  of  hydration.  The  water  of  crystallization  molecules  are  easily  dissociated  from 
their  salt  crystals  by  hearing.  The  residue  left  behind  is  then  said  to  be  Anhydrous 
(shapeless)  or  Anhydrate. 


CuSCXj .  5H20(S) 


heat 


►  CuS04(5)  -  fH-Oig) 

Anhydrous  (white  powder) 
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Hydrated  (blue  crystals) 

HYGROSCOPIC  SUBSTANCES: 

The  substances  which  absorb  moisture  from  atmosphere  are  called 
Hygroscopic  substances. 

e.g.  Most  of  the  salts  of  nitrate  (NO 3”)  are  hygroscopic.  NaN03 .  AlQsOP 

Calcium  chloride  (CaCl2),  Quick  lime  (CaO).  Copper  oxide  (CuO)  and 
Sulphuric  acid  (H2S04).  Silica  gel.  etc. 

Hygroscopic  substances  are  commonly  used  as  drying  agents  in  the  laboratory. 
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TYPES  OF  WATER: 

There  are  two  types  of  water  in  this  universe: 

®  Natural  (ordinary/light)  Water  (ii)  Heavy  Water  ^  ‘ 

TYPES  OF  NATURAL  (Ordinary  or  Light)  WATER: 

There  are  two  types  of  natural  water  in  this  universe: 
fi)  SbftW*ter  ^ 

<0  SOFT  WATER: 

Water  which  easily  produces  more  lather  with  soap  is  called  Soft  Water.” 

to  the  iW^onrofTa*e“  °f ' ^  “d  P°taSSiUm  (K)  which  do  not  resist 

(ii)  HARD  WATER: 

Water  ”Wat£r  d°eS  n0t  produce  lather  with  soaP  but  produce  curd  is  called  Hard 

‘the  TntKnS  I3'15  of  Magnesium  (Mg)  and  Calcium  (Ca)  which  resist  to 

the  formanon  of  lather  but  they  produce  curd  like  precipitate  (ppt). 

Types  of  Hard  Water: 

There  are  two  types  of  hard  water: 

(i)  Temporary  Hard  Water  (ii)  Permanent  Hard  Water 

(i)  Temporary  Hard  Water: 

“If  the  hardness  can  be  removed  then  water  is  called  Temporary  hard  water.” 

Temporary  hardness  of  water  is  due  to  the  presence  of  bicarbonates  (HCOf )  of 

“r”^S)  “d  Calcium  (Ca)  in  water. -These  salts  are  soluble  in  water  and  are 
present  in  the  form  of  ions. 

•  ’  MgCHdOs),,,,, - ►  -Mg“*(^+  2  HCOj-(aql 

Ca  (HC03)2  - ►  Ca”-  +  2  HCOC  (1„ 

(ii)  Permanent  Hard  Water: 

^ If  the  hardness  of  water  can  not  be  removed  then  water  is  called  Permanent  hard 

water. 

c  1  u  Per”J?ne“t  hardness  of  water  is  due  to  the  presence  of  Chlorides  (Cl")  or 
Snlphates  (SO/  )  of  Magnesium  (Mg)  and  Calcium  (Ca)  in  water.  These  salts  are  also 
soluble  in  water  and  are  present  in  the  form  of  ions.' 


MgS04iaq)- 
CaCT  {2q)  - 


■  Mg  :  (aq) 
(aq) 


so/-(aq) 
2  Cl'.aq) 
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Causes  of  Hardness  of  Water:  V 

Hard  water  contains  salts  of  Magnesium  (Mg)  and  Calcuim  (Ca)  with 
bicabonates  (HC03~).  Sulphates  ( SO<" )  and  Chorides  (Cl-). 

l'if.  rain  water  on  its  way  to  flow  on  the  ground,  dissolved  Carbon  dioxide  gas 
from  the  atmosphere.  This  water  while  flowing  through  soil  or  rocks  containing 
Carbonates  of  Mg  and  Ca  react  with  dissolved  C02  in  water  to  change  the  carbonates 

’■n?n  h1?'',arhr'mt-ac. 

MgC03{s)  +  CO;  +  H;0  (1)  - *  Mg(HC03);  (aq) 

CaCO  3W+  CO;  +  H;  O  („  - -  Ca(HC03)2 (aq} 

Underground  water  also  dissolved  Chlorides  and  Sulphate  of  Mg  and  Ca. 
.This  underground  water  now  contains  Mg2"  and  Cations  which  causes  hardness  in  water. 

METHODS  TO  REMOVE  HARDNESS: 

For  Temporary  Hard  Water:  (i)  By  Heating  (ii)  Clark's  Method 

For  Permanent  Hard  Water:  (iii)  Ion  Exchange  Method 

(i)  By  Heating:  \ 

Temporary  hardness  can  easily  be  removed  by  boiling:  This  hardness  is  due  to 
the  presence  of  dissolved  Magnesium  bicarbonate  and  Calcium  bicarbonate,  which 
decompose  on  heating  to  MgC03  and  CaC03  which  are  insoluble  and  are  removed  by 
Alteration.  •  . 

Ca(HC03)2,„  — CaC03(s)  +  C02(s,  -  H,0(„ 

Insoluble 

(ii)  By  Clark's  Method  (Addition  of  Lime  Water): 

Temporary'  hardness  can  also  be  removed  by  using  Lime  water  Ca(OH)2.  In  this 
method  temporary'  hard  water  containing  bicarbonates  of  Mg  and  Ca  is  treated  with 
Lime  water  in  the  tanks.  The  bicarbonates  of  Mg  and  Ca  are  converted  into  their 
Insoluble  carbonatesTThe  insoluble  carbonate?" settled  down  at  the  bortom  of-tanks  while 
soft  water  is  drained  off  for  the  use. 

Ca(HC03)2(aq)-f  Ca(OH)2(aq)  - *  2CaCO  3<s)  +  2H,0(() 

Insoluble 

Mg(HC03);Uql-Ca(0H)2taq:, - *  MgC03(s)  +  CaC03(s)  +  2H20(;) 

(iii)  By  Ion  Exchange  Method  (Zeolite  or  Permutit  Method): 

Permanent  hardness  can  be  removed  by  using  Ion  Exchange  method.  In  this 
method  Magnesium  and  Calcium  ions  from  water  are  removed  as  insoluble  precipitates 
through  the  Sodium  Zeolite.  They  form  insoluble  precipitates  of  Mg  and  Ca. 

Sodium  Zeolite  is  a  naturally  occurring  Sodium  Aluminium  Silicate.  The  Sodium 
ions  will  go  into  the  solution  while  the  unwanted  Mg  and  Ca  ions  precipitate  with 
zeolite. 

CaS04(aq)  +  Na2  -  Zeolitefaq} - ►  Ca-Zeolite(s)  +  Na2S04(aCii 

insoluble 
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'  '  '  Sodiuin  zeolite  can  be  regenerated  W  •  '  Cha>’te* V- « 

through  Ca~ Zeolite.-  -  §  -  ^  b>  passing  a  concentrated  NaCI  solution 


•  .  Ca  -  Zeolite  -f  ^NaPl  _ 

DISADVANTAGES  of  HARD  WATER^  e,=,i  +  ^ 

1  •  Wastage  Of  Soap: 

^  ;f^:^r  C0“  a  lar^  ^ount  of  scan  in  w^hin*  J, 

2°™  Theref°re’  hard  Waier  re£5uires  amounuif  soap  than  soft  wate^ 

z*  Harmful  For  Health: 

other  stomach  dirordm ®  duT^M ' '  lp“®  time  11  may  cause  d>’sentry  or 
such  water  weakens  the  stomach  fimction  Magn«»™  Sulphate  then  drinking  of 


Unfit  For  Steam  Engines: 


heated  in  the  boiler  for^rod^cin^ste^m^Ml  CngmeS  and  Uirbine-  XVhen  hard  water  is 
hard  insulating  core  on  the  bottom  which  f1168?1211  ^d  CaJ^um  salts  settle  down  as  a 
st, am.  Hence  more  fuel  is  coa S  *!*“*  °f  ^  t0  Produce 

the  tubes  due  to  this  extra  pressure  causes  explodefte  b"  lhen  they  bl°Ck 

DRINKING  WATER: 

I  ,  .  Water  is  essential  for  the  survival  of  anv  form  of  Hfp  nn 
being  consumes  about  two  liters  of  water  everv^J  w  V  f  °  ?  averaSe*  a  human 

of  the  weight  of  a  human  body  Water  is  used^or  dri  ^  ab°Ut  ™  percem 

industrial  purposes.  y  d  f  dnn^ng:  domestic,  agriculture. 

there  C°°kjng  and  wasbi"§  Proses.  Although 

QUALITY  OF  DRINKING  WATER  (Potable  Water): 

■  purposes  Hflte  water  rfiat'L  fitted  ^  **  ddnklng’  cleanin^  -d  other  domestic 
f- from  >^°Se  -  «>"«»  P°‘^  water,  it  should  be 

Some  characteristics  of  potable  water  are  given  as: 

1-  It  should  be  colourless,  odoureless  and  tasteless. 

“*  It  should  have  a  pH  in  the  range  of  7.0  -  8.5. 

3.  It  should  be  free  from  germs,  bacteria  and  other  pathogenic  oraganisms. 

4'  pesricides”01  C°n£ain  !“y  I0Xk  dissoIved  “Parity  such  as  heavy  metals  and 

5.  It  should  be  moderately  soft.  Its  hardness  should  not  be  above  1 50  p  o  m 
(parts  per  million).  p‘* 
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TREATMENT  FOR  DRINKING  WATER: 

The  water  supplied  for  drinking  and  other  domestic  uses,  has  to  be  treated  before 
the  supply  for  the  domestic  purpose.  The  raw  or  impure  water  obtained  from  sources 
such  as  rivers,  lakes,  wells  and  tube  wells,  etc.  should  undergo  treatment  by  various 
steps  to  make  it  fit  such  as: 

1  *  r-,  ■*  '-•.-ir-T  t  — i  *  —  -i 

5.  Chlorination  (sterilization  to  destory  bacteria  and  pathogenic  organism) 

WATER  POLLUTION: 

The  mixing  of  unwanted  materials  in  drinking  (potable)  water  is  called  Water 
pollution.  Natural  water  is  polluted  by  sewage,  indusrial  wastes  and  wide  range  of 
synthetic  chemicals.  * 

Classification  of  Water  Pollutants: 

‘  *.  ‘ 

There  are  variuhs  types  of  water  pollutants  which  can  broadly  be  classified  into 
different  catagories: 

1 .  Oxygen  -  Demanding  Wastes  (ODW): 

These  include  domestic  and  animal  sewage,  bio-degradable  organic  compounds 
and  industrial  wastes  from  food  -  processing  plants,  meat  packing  plants,  slaughter 
houses,  paper  and  pulp  mills,  tanneries,  etc.  All  these  wastes  undergo  degradation  and 
decompsition  due  to  which  there  is  a  rapid  depletion  of  oxygen  (D.O)  from  water  which 
is  harmful  to  aquatic  animals.  Many  aquatic  animal  can  not  survive  at  lower  D.O  level 
in  water. 

2.  Synthetic  Organic  Compounds  (SOC): 

These  are  maipmade  materials'such  as  synthetic  pesticides,  synthetic  detergents 
food  additives,  pharmaceuticals,  insecticides,  paints,  fibres,  solvents,  plastics,  etc. 'These 
materials  are  potentially  toxic  to  plants,  animals  and  human.  They  cause  the  adverse 
effects  of  water  like  change  in  colour,  odour  and  taste. 

3.  Disease  Causing  Wastes  (Micro  Organisms): 

Disease  causing  wastes  include  pathogenic  micro-oraganisms  which  may  enter 
water  along  with  sewage  and  other  wastes  and  may  cause  damage  the  public  health. 
These  microbes,  (viruses  and 'bacteria)  can  cause  dangerours  Water  Borne  Diseases 
(WBD)  such  as  Typhoid,  Cholera,  Polio,  Dysentary,  Hepatitis  in  humans.- 

4.  Agricultural  Water  Pollution  (AWP): 

In  modem  agricultural,  pesticides,  fertilizers  and  organic  wastes  (manure)  are 
essential  for  producing  high  yields  of  crops  required  for  the  world’s  growing  population. 
There  are  over  one  thousand  chemical  compounds  that  are  currently  being  used. 
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ORDINARY  WATER: 

■OTdin^SU““-  WhiCh  COntain  Pr0tium  (iS0t0pe  of  ***«*“)  called 

HEAVY  WATER: 

called  ^a^er  -n?.°ie-UleS  WhiCh  contain  Demeriura  (heavy  isotope  of  Hydrogen)  are 


^ater  is  -present  “  naturaI  water  10  extent  of  1:7000.  It  is  composed  of 
x.  gen  with  heavier  isotope  of  Hydrogen  i.e  Deuterium  of  mass  2  amu.  The  physical 
properties  are  different  from  ordinary  water  but  chemical  properties  are  similar 


Comparison  Of  Heavy  Water  With  Ordinary  Water 


Property 

Ordinary  Water 

Heavy  Water 

Formula  V 

H20 

D20  ‘  . 

Molecular  mass 
_ 

2+16  =  1 8  amu. 

4+16  =  20amu. 

Density  g/cm3  at  0°C 

1 .00  g/cm3 

1.11  g/cm3 

Maximum  Density'  at 

4°C 

1 1.6°C 

Freezing  point 

0.0° 

3.8CC 

Boiling  point 

100°C 

101°C 

USES  (APPLICATIONS): 

1.  It  is  used  as  “Moderator”  in  nuclear  fission  power  reactors  for  slowing  down 
the  speed  (velocity)  of  neutrons. 

2.  Heavy  water  is  used  as  tracer  in  biochemical  researches. 

3.  It  is  also  used  as  a  source  of  heavy  Hydrogen  for  Hydrogen  bombs. 


£3 
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EXERCISE: 


IX-Chemistry,  Chapter#  11,  Page#  16 


Fill  in  the  blanks: 

Narural  Hydrogen  contains  0.0156  %  (percent)  deuterium. 

Nascent  Hydrogen  is  more  reactive  than  molecular  Hvdmqen. 

inuum  is  an  isotope  oi  Hydrogen,  its  mass  number  is  3 

Natural  Hydrogen  is  a  mixture  of  three  isotopes  namely  Protium,  Deuterium 
and  Tritium.  • — ; - 

The  bond  energy  of  Hi  is  435  KJ  /mol. 

The  latent  heat  of  fusion  of  ice  is  approximately  336  x  105  Joules  per 
Kilogram  (kg).  ■  •  - - — 

Ice  floats  over  water  because  ice  is  lighter  than  water. 

The  sterilization  or  disinfection  of  water  is  done  by  Chlorination  to  destrov 
Microrganisms,  ~~~ 

Water  molecules  are  associated  together  by  means  of -water  of  crystallization. 
Water  is  called  universal  solvent.  • 


Point  out  True  and  False  in  the  following  statements: 

Ordinary  hydrogen  is  called  protium.  (True) 

Hydrogen  is  a  good  oxidizing  agent.  (False) 

Deuterium  contains  one  proton  and  two  neutrons  in  the  nucleus.  (False) 


is  the  process  of  addition  of  hydrogen. 


(True) 


Electrolysis  of  water  in  the  presence  of  acid  liberates  Hi  aas  at  the  cathode  and  O- 
gas  at  anode.  ~  (True) 

Multiple  choice  questions: 

Select  all  those  things  which  result  when  Sodium  metal  is  placed  in  a  beaker  of 
water: 

(a)  Hi  and  NaOH  (b)  Sodium  disappears  after  sometime 

(c)  Water  becomes  acidic  (d)  No  action 

Hydrogen  is  a  diatomic  molecule  with  bond  energy: 

(a)  200  KJ/mol  (b)  1 00  KJ/mol 

(c)  104  K.  Cal  /  mol  (d)  150  K.  Cal  /  mol 

Deuterium  is  present  in  narural  hydrogen  in  the  ratio: 


(a)  1:1200 


(b)  1:15000  (c)  100:50000 


(d)  1:  18000 
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W  The  electronegativity  of  Hydrogen  is:  '  •  -  .  .  .  -  .  ' 

^2‘1  (b)3.0  (c)  2.5.  ‘  (d)  1.0 

(v)  A  human  being  consumes  water  about  _ _ _  every  day 

(a)  5 litres  (b)  2  litres  (c)  1  litres'  (d)J0  litres 

(vi)  Polluted  water  is  _ _ for  drinking  purposes. 

mrfit  fM  ...  .c.,  .  , 

(vh)  Molar  mass  of heavy  water  is: 

(a)  18g  (b)  22g  "  '  (c)  20g 

(viii)  The  maximum  density  of  water  at  4“C  is: 

(a)1.0g/cm3  (b)  0.998g/cm3  (c)  0.91 8g/cm3 

(ix)  The  freezing  point  of  heavy  water  is: 

(a)  0°C  Cb)  3.8°C*  (c)4°C. 

2.(a)  Describe  some  of  the  main  physical  properties  of  water.  What  do  you  understand 

>  •  “V”!  anomalous  behaviour  of  water?  Wbat  is  the  significance  of  this  unusual 

behaviour  of  water? 

Answer  on  Page#  7  and  8 

(b)  Complete  the  following  reactions. 

(i)  2Na  -f-  2H20 - ►  2NaOH  +  H2 

(ii)  3Fe  +  4H20 - ►  Fe504  +  4H2 

(Hi)-  C  +  H20  - - — ►  CO  -r  H2 


a 


(d)  16g 
(d)  1.2g/dmJ 
(d)  1°C 


(iv) 

(V) 


Cl: 

CaO 


H20- 

2H,0 


Water  gas 
HC1  +  HOC1 
Ca(OH)2  +  H2 


■— S-  Q>.  Cl 

:-o  ^  Jf3 

-  in  o  £~- 

— j_  ^  -i  c;  ^ 

- ,  — 1  i_  rvj 

'-+J  CJ  l_  ret  to 

—  <u  • 

L  w  -  T— 

c-> 


3.  (a)  Define  isotope.  Disucss  various  isotopes  of  Hydrogen. 

Answer  on  Page  #  6  and  7 

(b)  How  is  Hydrogen  prepared  commercially  from  coke? 

Answer  on  Page  #  3  *■ 

(c)  Give  Bosch  method  to  separate  Hydrogen  sas  from  water  sas. 

Answer  on  Page  #  4 

4.  (a)  Give  reaction  of  H2  with: 


isixs 

1» 

ig  w  ®  S  S 

e£*-ur. 


(i)  Ethene  (ii)  Ca 

(i)  C7H4  •  ~  H2  — — - 

*-  C2H6 

Ethene 

Ethane 

(ii)  Ca  +  H2  - ► 

-  CaH2 

(in)  S  +H2  - * 

•  H2S 

(iv)  CIj  +  H2  - ► 

•  2HC1 

"(i»)  S 


(iv)  Cl2 
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.  (b),  Describe  the  uses  of  Hydrogen.  ' '  '  :  ’f 

*■  *•  *  Answer  on  Page  #  5 

(c)  Show  hydrogen  is  a  good  reducing  agent 
Answer  On  Page#  5 

'•  (a)  What  is  nascent  Hydrogen?  Describe  its  reactivity. 

Vnsw^r  on  Poito  -4  A 

lb)  vv  hat  happens  when ? 

(i)  Mg  metal  is  reacted  with  hot  water. 

Answer  Mg  +  2H.O - bot  ►  Mg(OH),  +  H, 

(ii)  Methane  is  heated  above  700DC  in  the  absence  of  air. 

Answer  on  Page  #  4 

(iii)  Water  gas  is  heated  under  pressure  in  the  presence  of  ZnO  -  Cr203. 

Answer  on  Page  #  5 

(iv)  A  piece  of  Zn  metal  is  added  to  the  acidic  solution  of  FeCl3. 

Answer  on  Page  #  6 

'*  (a)  WTiat  do  you  mean  by  hard  .water?  Describe  the  types  of  hardness.  How  is  the 
hardness  of  water  removed?  Describe  the  disadvantages  of  hard  water. 

Answer  on  Page  #11  and  12 

(b)  What  is  water  of  crystallization?  Write  the  formula  of  some  of  .  the  Hydrates. 
What  happens  when  Hydrates  are  heated?  Define  heat  of  Hydration. 

Answer  on  Page  #10 

(c)  WTiat  is  potable  water"?  Write  four  main  characteristics  of  potable  water. 

Answer  on  Page  #  13 

(d)  Name  only  some  common  treatments  to  make  municipal  water  fit  for  drinking 
purposes. 

Answer  on  Page  #  14 
.  (aj  Write  notes  on:  ~ 

(i)  Heavy  water  and  (ii)  Hygroscopic  substances. 

Answer  on  Page  #  15  Answer  on  Page  #  10 

.(b)  Describe  some  chemical  characteristics  of  water. 

Answer  on  Page  #  8  and  9 

(c)  Name  water-  borne  diseases  that  are  caused  by  micro  -  organisms  present  in 
water.  Name  various  types  of  water  pollutants  and  their  different  catagories. 
Answer  on  Page  #14 

Point  out  True  or  False  in  the  following  statements. 

(i)  Water  is  non  -  polar.  (False) 

(ii)  Temporary  hardness  in  water  is  due  to  dissolved  hvarogen  carbonates  of 

Ca  and  Mg.  '  ~  (True) 

(iii)  Permutit  is  Sodium  Aluminium  Silicate,  commonly  called  Sod.  zeolite. 

.  I  (True) 

(iv)  The  molecular  formula  of  heaw  water  is  H20.  (False) 

(v)  Cone.  H2S04  absorbs  moisture  from  atmosphere  four  time  of  its 

original  volume.  (False) 
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CARBON,  SILICON  AND  THEIR  COMPOUNDS 

INTRODUCTION: 


N 

Z 

o 

tn 

co 

LU 

to 

a 

UJ 

tc 

z 

u 

a 

_j 

< 

a 

p- 

a 

< 

c: 

c. 

a  i 


Carbon  and  silicon  belong  to  IV-A  group  in  the  periodic  table.  Carbon  is  a 
non-raetal.  Silicon  is  a  metalloid  and  . 

cecnnoioHies. 


Name 

1st  shell 

2nd  shell 

3rd  shell 

1 

4th  shell  1 

t 

Carbon  ( 6C ) 

K2 

V 

- 

- j 

Silicon  ( 14Si  ) 

*  K2 

4 

CO 

>1 

M4 

j 

i 

i 

(c)  Wood  charcoal 


OCCURRENCE  OF  CARBON: 

Carbon  is  the  sixteenth  (16th)  most  abundant  element  in  the  earth  crust.  Carbon 
occurs  in  the  free  state  as  well  as  in  the  combined  state  in  the  earth's  crust. 

Free  State: 

In  free  state  carbon  occurs  in  the  following  forms:  . 

(O  Amorphous  Forms: 

(a)  Coal  (5)  Lamp  black 

(d)  Animal  charcoal  (e)  Coke 

(2)  Crystalline  Forms: 

(a)  Diamond  (b)  Graphite 

(1)  AMORPHOUS  FORMS  OF  CARBON: 

a)  COAL 

Hpwever  the  major  source  of  carbon  is  coal.  Coal  is  a  complicated .  w, 

chemical  substances  containing  Carton.  Compounds  of  Carbon  exist  with  Hvdrogen 
Oxygen,  Nitrogen.  Sulphur  and  many  other  elements.  The  amount  of  carbon  depends 
upon  the  stage  of  conversion  of  the  plant  materials  into  coal. 

tage.  (Peat)  The  first  stage,  brown  spongy  material  Peat  is  formed 

D\  partial  decomposition  of  plant  materials. 
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2  Stage:  (Lignite)  The  second  stage.,  soft  brown  coal  Lignite  and  then 

"  ’*’■  *  Bitumen  is  formed  by  the  conversion  of  Peat. 

3  Stage:  (Anthracite)  The  third  stage,  hard  black  coal  Anthracite  is  formed 

by  the  conversion  of  Bitumen. 

‘Vnfp;  \  nf-Vii-iriTfi  >V»p  V,orP  art  f,-.. — , 

b)  LAMP  BLACK  (CARBON  BLACK): 

Lamp  black  is  produced  by  heating  methane  gas  at  700°C  in  absence  of  air. 

Carbon  black 

c)  WOOD  CHARCOAL  is  formed  when  wood  is  heated  strongly  in  the  absence  of 
air.  It  is  used  to  remove  offensive  odour  from  air  and  colours  from  water. 
ANIMAL  CHARCOAL  is  formed  when  bones  of  animal  are  heated  stronaly  in 
the  absence  of  air.  It  is  used  in  the  gas  mask  to  surviv^in  the  poisonous  air. 

e)  COKE  is  formed  when  coal  is  heated  strongly  in  the  absence  of  air.  It  is  widely 
used  as  reducing  agent  in  metallurgical  operations. 

_ The  %  of  Carbon  and  Energy  Values 


S.No. 

Fuels 

Carbon  Content 
(%  mass) 

Energy  Value 
(KJ/Kg) 

1.  - 

Wood 

50.0% 

19800 

2. 

Peat 

59.9% 

18700 

*■» 

Lignite 

51.8% 

20900-25700 

4. 

Bitumen 

78.7% 

32100 

5. 

Anthracite 

91.0% 

32600  • 

COMBINED  STATES: 

In  combined  state  (in  the  form  of  compounds)  Carbon  occurs  as  natural  gas  and 
petroleum.  Both  natural  gas  and  petroleum  are  mixtures  of  hydrocarbons  i.e.  compounds 
of  Carbon  and  Hydrogen  elements.  Carbon  also  occurs  in  the  form  of  Carbon  monoxide 
*nd  Carbon  dioxide  in  the  atmosphere  and  also  as  metal  carbonates  in  the  earth’s  rocks, 
lhe  most  common  carbonate  rock  is  Calcium  carbonate  (CaC03)  which  occurs  as 
marble,  chalk  and  lime  stone. 
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The  existence  of  an  element  in  two  or  more  different  forms  is  called  Allotropy 
and  different  forms  are  called  AUotropes  or  Allotropic  forms. 

Chemical  properties  of  allotropic  forms  are  same  but  they  have  different  physical 


->r  -3," 


(2)  CRYSTALLINE  FORMS  OF  CARBON: 

Allotropic  forms  of  Carbon: 

There  are  three  crystalline  allotropic  forms  of  carbon: 

(a)  Diamond  (b)  Graphite  (c)  Bucky  Bails 

OCCURRENCE: 


DIAMOND 


GRAPHFTE 


Diamond  is  found  chiefly  in  Graphite  occurs  natural Iv  as  < 

South  Africa.  Brazil,  Australia  and  plumbago  an  opaque  black  solid,  it  is  j 
India.  The  black  coloured  diamonds  are  found  in  Siberia,  Canada  and  Sri  I^anka.  j 

called  Bort  or  Carbando  which  are  low  ! 

I 

m  cost  .  ! 


DIFFERENCES: 


(a)  DIAMOND 


Diamond  is  transparent  and  bright  in 
pure  state. 

It  is  the  hardest  substance.- 
Its  density  is  3 .5 1  g/cmJ. 


Its  melting  point  is  3500°C. 


It  is  bad  conductor  of  electricity. 


Diamond  is  burnt  in  presence  of  oxygen 
to  produce  CO:  gas. 


C(s)  +  02(g) 


2400°C 


(b)  GRAPHITE 

Graphite  is  a  dark  grey  colour  and  dull 
metallic  luster. 

|  It  is  a  soft  substance  and  greasy  to  : 

|  Its  density  is  2.2  g'cm3. 


Its  melting  point  is  3Q0Q°C. 


It  is  good  conductor  of  electricity. 


Graphite  is  burnt  in  presence  of  oxygen 
to  produce  CCh  gas. 

Qs) -r  02(g)  **  oo^lgJ 
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USES  OF  DIAMOND:  - 

v  v  i 

(1)  Coloured  diamonds  are  used  as  gems  and  precious  stones  in  Jewellery. 

(2)  Bort  or  carbando  (black  diamond)  is  used  for  cutting  glasses  and  for 
drillings  and  borings  of  rocks. 

UJS1J  Of  UiiAr’rtUE: 

(1)  Graphite  is  used  as  black  pigment  in  paints. 

(•i)  It  is  used  in  the  preparation  of  electrodes. 

(3)  It  is  used  as  neutrons  -  moderator  in  nuclear  reactions.. 

(4)  It  is  mixed  with  oil  to  form  a  high  temperature  lubricanL 

(5)  It  leaves  black  mark  on  paper  so  it  is  used  in  the  manufacture  of  lead 

V 

pencils  (graphite  -4-  clay). 

STRUCTURE: 


DIAMOND 

GRAPHITE  1 

* 

|  (1)  Each  Caruon  atom  is  covalently 

■ - — — - 1 

i 

(1)  Each  carbon  atom  is  covalently  j 

!  bonded  with  four  other  Carbon  atoms 

bonded  with  three  other  Carbon  atoms  j 

i  t0  give  2  basic  tetrahedral  unit.  These  j 

! 10  give  a  basic  hexagonal  unit.  These 

| 

j  basir  -trahedral  units  unite  with  one 

1 

basic  units  are  held  together  by  weak 

• 3no,her  indefinitely  forming  a  giant 

vTander  Waal's  forces  of  attraction  over 

i  iUree  ~  dimensional  structure  due  to 

layer  by  layer  these  layers  slide  over 

j  this,  diamond  is  the  hardest  known 

one  another  due  to  this,  graphite  is  verv 

1  substance. 

soft  and  slippery. 

(2)  Diamond  is  the  bad  conductor  of  j 

(2)  Graphite  is  the  good  conductor  of! 

,  eiectricity  because  there  is  no  free  | 

electricity  because  only  three  o  f  the  four 

[  electron  in  the  crystal  of  diamond. 

i 

valence  electrons  are  held  in  definite 

1 

bond  formation  so  the  fourth  electron  is 

j 

. . 

delocalized  over  the  whole  layer. 

i  “  1-54a°  and  bond  ener§y  f°T  each  C  -  |  is  3.35A°  and  bond  energy  for  each  C  -  j 
I  C  oond  is  347KJ/mol.  !  C  bond  is  232KJ/mo).  ! 
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* 

/A 

- 

• 

.  .  ! 

'  *  vAj 

J 

«rM 

*> 

Fig  ‘A’ 

Sasic  tetrahedral  unit  of  diamond 
*  =  Carbon  atom 

-  =  Carbon  to  carbcr.  Covalent  bond  ’ 

- 

Fig  ‘B* 

Three  dimensional  arrangements  of 
carbon  atoms  in  diamond. 

-ac  e  • 

h— t-  o  nj  _  ct) 

cc  £  JZ.  «» 
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■  Z  — —  ■*  w  — 

'-j-  m  a  °  ^ 
Sea-Si® 
55  -en  —  S 

25~  £ 

!!<  Si2 


[  Structure  of  Graphite  | 

(c)  BUCKY  BALLS: 

In  1985.  a  discovery  was  made  by  two  English  researchers  by  vapourized  the 
g-phue.  me  modern  research  shows  that  the  Bucky  balls  are  the  clusters  of  60  atoms 
or  Careen  in  a  mo,ecu,e.  The  shape  i*  sphericai.  Unlike  diamond  and  graphite  the 
B  ky  Dalls  can  be  dissolved  in  organic  solvents. 

CHEMICAL  PROPERTIES  OF  CARBON: 

(a)  Combustion: 

V-Tien  carbon  burns  in  the  excess  supdIv  of  air  m  \  u  - 
r  u  a-  ■  ’  Fp  '  (°2):  conibu5t3°n  takes  place  to 

procure  Carbon  dioxide  (C02)  gas. 

C,  —  n  Excess  air 

r  °2,8>  - - -  C0^l  AH  =  -  394  KJ  /  mol 

fern  f  7  reaCti°D  "  hL£hly  CXOtherm]C  ^  W  tUS  «*««***.  Carbon  in  the 
fonn  of  coal,  coke  or  charcoal  is  usuaUy  used  as  fitch  giving  large  amount  of  heat. 

Place  to  en  “‘“b™  bums  “  *e  llraned  Suppl>'  of  incomplete  combustion  takes 
P  ce  to  produce  Carbon  monoxide  (CO)  sas. 

2Cr„  +  0„„  -  L,,nil;dair  rco  ...  _ 
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(b)  Combination  (Addition)  Reaction: 

•’  ey-  i  . 

Carbon  combines  directly  with  some  non  metals  and  metals  (Hydrogen,  Sulphur, 
Calcium,  Aluminium,  etc. 


C,o+2H2(e)- 

high',  team 

(Methane) 

C,.,  +  2S(>)- 

high  icmp 

->  cs,(1) 

(Carbon  disulphide) 

2C„i+Ca(l)- 

hightemp 

^CaC2(.) 

(Calcium  carbide) 

3C<o  +  4Al<rt- 

high  icmp 

^Al4C3rsl 

(Aluminum  carbide) 

(c)  As  Reducing  Agent: 

A  substance  can  donate  its  electron  to  other  is  called  Reducing  Agent.  Carbon  is 
a  powerful  reducing  agent  because  it  has  greater  affinity  for  Oxygen.  It- reduces  many 
metal  or  non  metal  oxides  into  free  elements.  These  reactions  occur  at  very  high 
temperature.  * 

Fe  A.,  +  3C„,  >  2Fe„,  +  3CO,t, 


<e> 


Ferric  oxide 

2ZnO„,  +  C,„  — > 2Zn,„  +  CO. 

Zinc  oxide 

2Cu0,„  +  C,„  >2Cu,„  +  CO!(t, 

Copper  oxide 


H20(g)+  C(s) 


hifu  lesxtp 


CO/.-,  +  H2 


H2(g) 

Watergac 

C0^,  +  C,,~^^2CO(e)  . 

(d)  Reaction  with  Strong  Oxidizing  Agents: 

Carbon  reacts  with  strong  oxidizing  agents  like  hot  concentrated  Nitric  acid 
(HN05)  and  concentrated  Sulphuric  acid  (H2S04)  on  heating  to  liberate  CO,  gas. 

C,.  -r  4HNO, 


3|  cone ) 


C|„  +  2H,SO<iaw 


->C0J(,1  +  4N0I1I1f2H!0(li 


^COJltl-2SO;iiJ  +  2H,0 


2^0) 


CATENATION: 

Catenation  is  the  ability  of  Carbon  atoms  to  form  long  chains  and  rings 
compounds.  This  property  of  carbon  results  in  enormous  range  of  compounds  of 
Carbon.  j  |  |  |  ^ 

— c— c  —  c— c— c 

I  i  i  I  I 

(Chain)  _ (Ring) 

i  PRACTICAL  CENTRE 

1 _ |  &'1 BLOCK-1,  GULSHAN-E-1QBAL  KARACHI.  @ :  34976530-34812547-34984762 


B 


S 


196 


PRACTICAL  CENTr  0  SESSION  2016-2017  0  PRACTICAL  CENTRE  0  SESSION  2016-2017  0  PRACTICAL  CENTRE  0  SESSION  2016-2017  0  PRACTICAL  CENTRE 


I  _  lA-Chemistry,  Chapter  #12,  Page  #9 

SILICON: 

INTRODUCTION: 

Silicon  is  a  metalloid.  It  belongs  to  IV-A  group  in  the  periodic  table.  Natural 
silicates  and  silica  i.e.  sand  (S,02)  have  been  known  on  the  earth  since  ancient  times. 

Or  jiucUN: 

Silicon  does  not  occur  in  free  state.  In  the  combined  state  it  occurs  mainlv  as 
Silicon-  dioxide;  Si02  (Silica)  which  is  present  in  various  forms.  Such  as  Sand,  Quartz, 
Flint,  Kieselguhr,  etc.  They  pure  crystalline  form  is  quartz  and  flint  (a  very  hard  stone), 
such  as  opal,  amethyst  and  onyx  (gem-stones).  Sand  is  the  less  pure  form. 

Silicon  also  occurs  as  complex  silicates.  Some  common  natural  silicates  are: 


S.No. 

Name  of  Silicate 

Formula 

Uses 

1. 

Feldspar 

K20.Al203.6Si02 
of  K2Al2Si6Oi6 

Ceramics,  glass, 
pottery  and  abrasive. 

2. 

Kaolin  (China  clay) 

Al2O3.SiO2.2H2O 

Crockery 

3. 

Mica 

K20.3Al203.6Si02.2H20 
or  K2Al6Si6024 

Electrical  insulator 
and  resistant  to  high 
temperature. 

4. 

Talc  (Soapstone) 

3Mg0.4Si02.H20 
or  Mg3H2Si4012 

Ceramics,  glazed  tiles 

5. 

Asbestos 

Ca0.3Mg0.4Si02 
or  CaMgS^On 

Heat  insulation,  Fire 
proofing  material 

PREPARATION  OF  SILICON: 

(1)  Silicon  is  prepared  by  heating  S.O;  with  coke  in  an  electric  furnace.  This  is  an 
industrial  method. 

Si°a.,  +  2C„,  -g~^»Si„,  +  2CO(I) 

(2)  Silicon  is  also  prepared  by  heating  a  mixture  of  dry  sand  (SiO,)  and 
Magnesium  metal  in  a  fire-clay  crucible  in  the  absence  of  air. 

Si02U)  +  2Mg|i|  --**  >Si(>)  +  2MgO)sl 
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Dilute  hydrochloric  acid  is  then  added  in  the  reaction  mixture  to  dissolve 

unreacted  Mg  metal  and  produced  MgO  as  a  result  an  aqueous  solution  is* 
formed  which  contains  soluble  MgCl2  while  amorphous  silicon  remains 
insoluble. 


MgO<s)  -r  2HC/(aq) 

PHYSICAL  PROPERTIES: 


MgC/2(aq)4-H20 


w 


(1)  Crystalline  Silicon  is  grey  in  colour,  opaque,  lustrous  and  octahedral 
crystalline  solid  which  specific  gravity  is  2.5. 

(2)  Amorphous  Silicon  is  brown  coloured  hygroscopic  powder  which  specific 
gravity  is  2.35. 

v  » 

(3)  Silicon  is  a  non-volatile  solid.  Its  melting  point  is  141 0°C  and  boiling  point  is 
2600°C. 

(4)  It  is  insoluble  in  water  but  it  dissolves  in  hydrofluoric  acid  (HF). 

(5)  It  is  poor  conductor  of  electricity  at  room  temperature  but  its  conductivity 
increases  with  the  increase  in  temperature.  Due  to  this  characteristic  it  acts  as 
semi-conductor  (metalloid). 

CHEMICAL  PROPERTIES: 

(1)  Silicon  dissolves  in  hot  alkali  solutions  (NaOH  or  KOH)  to  form  its  silicate 
with  the  evolution  of  H2  gas. 

Si„,  +  2NaOH„„  4  ►Na.SiO,,,,  +  2HJ(„ 

Sodium  silicate 

(2)  When  Silicon  is  heated  strongly  in  air,  it  forms  Silicon  dioxide  i.e.  silica 
(Si02). 

Si{5)  -  02(gi  -~^,n:nsh€a^  » Si02ls) 

USES  (APPLICATIONS): 

Silicon  is  used  in  bronze  and  steel  alloys  to  increase  their  tensile  strength. 

Pure  Silicon  is  used  in  making  semi-conductor  which  has  great  importance  in 
computers,  transistors,  solar  cells  and  electronic  industries. 

Silicon  is  also  used  in  the  preparation  of  refractory  materials  such  as  crucible, 
fire-bricks,  etc. 


1. 

2. 
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IS  used  for  making  silicones  (rubber  like  liquids  of  solids)  which  are  insoluble 

-  m  water  so  *ey_are;used;as  lubricant.  ^ter-repellent  and  electrical  insulators. 
They  are  also  ^ed  -in  paints;'w^nifshes  aiid  polishes,  .  ' 

_  .  -  CHS  ..ch3  ch3 

It-is  also  used  to  produce  Methyl  Silicos.-ft' polymer),,  *•  — Si-o-Si-O-S' 


(A  unit  of  meihyl  silicon) 


|  SILICON  DIOXIDE  or  SILICA  (SiOz): 


SiHCOn  di0xide  is  comm°nly  called  Silica' tir’’ Sand.  It  occurs  naturally  in 
crystalline  form  which  is  called  Quartz. 

PREPARATION: 


(0  It  is  prepared  by  heating  silicon  in  air  or  oxygen. 


Si...  +  Oa,,,—8 1™***  >Si03lo 

(U)  It  is  also  prepared  in  hydrated  form  as  a  gelatinous  precipitate  by 
wamung  sodium  silicate  (Na2Si03)  with  concentrated  Hydrochloric  acid  (HCI). 

Na:S>0,„,  +  2HCi,  _-^si0;;H30,„  +  2NaCl 

Hydratea  silica 

PHYSICAL  PROPERTIES: 

(1)  In  pure  form  Silica  (Si02)  is  colourless  crystalline  solid. 

(2)  It  is  non-volatile  solid.  Its  melting  point  is  about  I500°C  and  then  molten 
silica  is  cooled,  it  forms  glass-like  solid,  known  as  quartz  glass. 

(3)  It  is  a  macromolecular  compound  with  silicon  and  oxygen  atoms  linked 
together  covalently  in  tetrahedral  basic  units. 


o - Si - o - Si - o 


(Si02  with  tetrahearai  units) 
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USES  (APPLICATIONS): 

(1)  Sand  (Si02)  is  widely  used  in  making  mortar,  cement,  concrete  and  glass. 

(2)  Fused  silica  (quartz  glass)  is  used  in  making  optical  lenses,  prisms,  glas  slab, 
heat-resisting  articles,  and  fine  threads  which  are  used  to  suspend  the  parts  in 
cieccrieai  instruments. 

(3)  Powdered  quartz  is  used  in  the  making  of  Silicon  carbide  (SiC).  Silicon  tetra 
Fluoride  (SiF4).  Sodium  silicate  (Na2Si03)  and  silica  bricks  for- lining  furnaces. 

(4)  Kieseiguhr  (Si02)  absorbs  liquids  and  is  used  as  absorbent  of  Nitroglycerine 
(explosive)  in  making  dynamite. 

(5)  It  is  also  used  for  making  dry  antiseptic  dressings  and  silica  jel  (absorbent 
pillow)  in  the  antibiotic. 

SODIUM  SILICATE  or  SODA  GLASS  (NazSiOs): 

Sodium  silicate  (Na2Si03)  is  commonly  known  as  soda  glass  or  water  glass.  Its 
melting  point  is  1090°C. 

PREPARATION: 

Sodium  silicate  is  prepared  by  heating  strongly  silica  i.e.  sand  (Si02)  with  sodium 
carbonate  (Na2C03)  then  sodium  silicate  (Na2Si03)  a  glass  like  solid  is  formed. 

Na2C03ul  +  Si02l >  Na,Si0„o  +  CO^ 

USES  (APPLICATIONS): 

(1)  Sodium  silicate  is  used  for  sizing  of  paper,  nre-proofmg  material  and  glue. 

(2)  Ii  is  used  as  filler  in  soap  industries. 

(3)  it  is  used  in  textile  industry. 

(4)  A  dilute  solution  of  Sodium  silicate  can  be  used  for  making  chemical 
garden  in  the  science  fare  by  the  students. 
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CHEMICAL  GARDEN: 


- - jr,  w.  idpier  i?  i  i,  rage 


Prepare  a  dilute  solution  of  water  glass  or  soda  . 

glass  (Na2Si03)  in  a  botde  or  trough.  Add  some  crystals 
of  coloured  salts  such  as  Cobalt  Chloride,  Nickel 
Sulphate,  Copper  Sulohate.  Ferric  ChMrid.  .,r  r  _ 

*“*  ™xaire  for  Iew  hours  without  touching  the  trough 
After  some  hours,  chemical  garden  grows  the 

impressions  of  colourful  plants  due  to  the  formation  of  insoluble  metal  silicates,  e.g. 


Cu’-SO^+Nal-SiO.1- 


-CuSiO  -rNai’SO3- 

BlUBppt(*  ,">l 


SILICA  JEL: 

PREPARATION: 

When  in  acid  is  added  in  the  solution  of  water  glass  or  soda  glass 

3  ,  it  turns  into  a  jelly  like  substance  known  as  jel  (SiO-.nH-O).  On 

compiete  dehydration  of  this  jel  by  heating,  a  hard  porous  material  is  Obtained 
known  as  silica  jel. 


Na,SiOl(wj)  +  2HCl(ra>e) - 


USES: 


^Si02.Ha0  +2NaCl 

Hydrated  silica 


(0  Silica  jel  is  used  as  good  absorbent.  It  is  used  to  absorb  gases  and  vapours. 

ma  bags  of  Silica  jel  are  kept  in  medicine  bottles  to  absorb  water  vapours  in 
the  bottle. 

(2)  It  is  also  used  to  recover  valuable  vapours  from  industrial  effluents. 

(3)  It  is  also  used  in  the  refining  of  petroleum. 


iHitMIEfi  fHIftlHlllB-Sr.HHBffiSf At 

fShop  £  6.  BS4/1,  Asif  Centre, 
Ares,  Block-1,  Near  Usman 
?  Memorial  Hospital,  Karachi 
;C_21 5-E290802  I  0321-2622769 


Vr  aP#VS4,,'A5ifGe"fte, 

'■F'u,A  ;  ?!ock'1'  Near  Usman 

hospital,  Karachi 
0315-6290802  /  0321-2622769 
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^  ;  ^  EXHRGiSE  ^ 

ffl  Fill  in  ^  j3*-  ^_xC>v ^5  _  u -, , 

Cafbon.x^jfiams  four' ej^tronfln  rtsAglenec^eli  -and'  i^hS|  fonfi's^  s 

■:  7W  -  feur-forvalent  bondspfcittfother  element^  _*-■&£  '  K  ‘  -c  7 ‘ 

. . 


u-  w  V  ’ 

mi  element  in  ’-the  earth 5  s  cnisi-aftbr'‘f>rv«en. 


M^h;  '•yi&s  muisoiuaujgpiiuia  oj  sanons  oitK.  - 

. .  & ’jt»9  The har€e|t natural ^bstshceTmown  isdBiamond.  ... <? v* 

'  3  ^^Gr^^^^^conducYo^efeleqmc^ 

(vi)  ,. jfo&jbrmula  ofAatat  glass  is  Na-,  SiOT- %  ■  >AV' 

(2)-..r  Point  out  the  following  statementsl'.true'or  false:  -  """ 

(i)  .  ■ftifcdoiph'oiis  fgoagtJif sSieon 'is^c^SjeV^olouf!'' 

(11)  Silicon’ isTised  in  compilers  as  semiconductor.  •'? 


--.  c>v 


False 

True 


(iii)  The  allotropes-of  Carbon  differdri  their  chemical  properties.  Faise 
(lv)  Silica  gel  is  used  as^absorbent.  ~  ‘  '  -  '  True. 

(v)  The  driest  arid  hardest  type?  of  coal  which  contains  the  highest  energy 

value  is  anthracite.  ‘  -  ;  r  •  ’  .  %  True  " 

(vi)  Diamond  is  a  good  conductor  of  electricity;  "  ’  .  .  '(’•**  "*  False 

(vii)  Graphite  is  used  in  making  lead  pencils.  True 

Choose  the  correct  answer:  ' 

(i)  Graphite  bars  are  used  in  atomic  reactors  because  it: 


(a)  Soft  solid  (b) 

(c)  More  reactive  than  diamond  (d) 

Diamond  is  used  as  abrasive  because  it  is: 
(a)  Hard  (b) 

(c)  .Cubic". .  r.  '  _  (d). 


conductor  of  electricity 
Slows  down  the  neutrons 


Soft  . 


(Iii)  Silicon  is  most  abundantly  found  in  natures  as: 


Bad  conductor  of  electricity 


(a)  Silica  (Si02) 

(c)  Sodium  Silicate 
(iv)  China  clay  is  used  in  making  of: 
(a)  Glass 
(c)  Ceramics 


Silicon  Carbide  (SiC) 
Calcium  Silicate 

Electrical  insulator 
Crockeries 


('  )  r  used  Silica  which  is  also  known  as  quartz  glass  is  used  for  making: 


(a)  Concrete  or  cement 
(c)  Optical  lenses  and  prisms 
(vi)  Melting  point  of  Sodium  silicate  is: 
(a)  1100°C 

(c)  1410°C 


Absorbent 


1090°C 

990=C 
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NITROGEN  AND  OXYGEN 


INTRODUCTION: 


Nitrogen  was  discovered  in  1772  by  Daniel  Rutherford.  It  is  the  10“-  most 

*"d“!  eIe™ent  found  ln  earth’s  crust-  Nitrogen  belongs  to  V-A  group  in  the  periodic 
, .  *  ltro2en  IS  a  non-metal.  It  is  found  in  gaseous  state  with  diatomic  mnVcnlar  form 

of  DNA,  RNA.  etc.  " “*  ” . . . oiu^  o.  uviag  uuags,  m  me  form 

Oxygen  was  discovered  in  1774  by  Priestley.  Oxygen  belongs  to  VI-A  -roup  in 
me  periodic  table.  Oxygen  is  a  non-metal.  It  is  found  in  gaseous  state  with  diatomic 

molecular  form  (02)  in  the  air.  Oxygen  is  one  of  the  essential  sases  for  life.  It  helps 
respiration.  •  “  ^ 


Name 

1st  shell 

2nd  shell 

3rd  shell 

4th  shell 

Nitrogen(  7N ) 

K2 

L5 

- 

.  „ 

Oxygen  ( 80 ) 

K2 

,  L6 

- 

- 

OCCURRENCE: 


0 


nitrogen 

OXYGEN 

Free  State: 

Nitrogen  occurs  in  the  free  state 
as  N2  gas  in  air  up  to  78%  by  volume. 

Free  Nitrogen  in  air  is  important 
because  it  dilutes  the  Oxygen  to  the 
point  where  combustion,  respiration  and 
oxidation  process  are  reasonably  slow. 

Free  State: 

Oxygen  occurs  in  the  free  state  as 
02  gas  in  air  up  to  21%  by  volume. 

*  Free  Oxygen  in  air  is  important 

because  it  helps  combustion,  respiration 
and  oxidation  process  naturally  and 
with  reasonably  fast. 

Combined  State  (Compound  Form): 

Nitrogen  occurs  in  the  earth  crust 
25  Nitrates  of  Sodium.  Calcium  and 
;  Potassium  as  well  as  Ammonium  salts 
i  such  as  ammonium  sulphate. 

(NRO-SOt, 

Nitrogen  is  also  found  in  organic  I 
matter  such  as  proteins,  urea  and  I 
vitamin  B -compounds.  Thus  the  1 
Nitrogen  compounds  must  be  present  in 
animal  diets  and  plants  fertilizers  for  the  j 
.growth.  repair  and  maintenance.  ! 

■  Proteins  that  occupy  an  essential  place  j 
in  the  structure  of  all  living  things. 

Combined  State  (Compound  Form): 

Oxygen  occurs  in  the  earth  crust 
as  water  in  the  oceans  rivers,  lakes,  etc 
and  the  air.  It  is  found  about  88.9%  by 
mass  in  water  (H20).  Water  is  the  most 
abundant  compound  on  earth. 

Oxygen  is  also  feund  in  inorganic 
matter  such  as  Silica  (Si02).  Silicates. 
Carbonates  and  Oxides  of  both  metals 
and  non-metals,  thus  the  Oxygen 
compounds  must  be  present  in  rocks, 
clays  and  sand.  Even  the  human  body  is 
made  up  of  about  two  third  (2/3)  by 
mass  of  oxveen.  i 
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v. vAA: '  IX-Chemistry,  Chapter  #  13,  Page  #4 

PREPARATION  OF  NITROGEN: 

(a)  IN  LABORATORY: 

Nitrogen  is  prepared  by  thermal  decomposition  of  Ammoninm  Nitrite. 
Ammonium  Nitrite  is  obtained  by  reacting  .Ammonium  Chloride  with  Sodium  Nitrite. 

Preparation  of 

iNlivNO^s) — — — >  NS^g)  -r  2H20(/} 

Formation  of  Ammonium  Nitrite 

NH4C/(s,  +  NaN02(s) - »NH4NQ2U)  +  Naa(i) 

Ammonium  nitrite 

(b)  IN  INDUSTRY: 

:  L  the  industry.  Nitrogen  and  Oxygen  is  prepared  by  the  fractional  distillation  of 

liquid  air.  •  •  " 

.Air  is  passed  through  caustic  soda  (NaOH)  to  remove  C02  and  other  acidic 
impurities  present  in  air.  Now  it  is  compressed  under  very  high  pressure  and  then  cooled 
down.  The  process  of  compression  and  expansion  are  repeated  again  and  again  due  to 
this  temperature  falls  upto  -200°C  at  which  air  becomes  liquid. 

The  liquid  air  contains  nitrogen,  oxygen  and  argon.  Liquid  air  is  passed  through 
fractionating  column  where  at  -196°C,  Nitrogen  boils  and  can  be  removed  from  the  top 
of  the  column  similarly  Argon  boils  at  — 1S5.7°C  and  then  is  removed  from  the  middle 
of  the  column  while  liquid  oxygen  is  collected  from  the  bottom  of  the  column  at 
-1S3°C. 


(1)  Nitrogen  (N2)  is  a  colourless,  odourless  and  tasteless  gas. 

(2)  It  is  slightly  lighter  than  air. 

(3)  Its  boiling  point  (liquefies)  is  -  196CC,  while  melting  point  (solidifies)  is  -  210°C. 

(4)  The  bond  dissociation  energy  of  N2  (N  =  N)  is  941  KJ/mol. 

(5)  It  is  slightly  soluble  in  water  only  about  2%  by  volume  at  room  temperature. 
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CHEMICAL  PROPERTIES: 

(a)  With  hydrogen: 

Nitrogen  combines  with  hydrogen  at  450°C  to  form  ammonia  gas  (NH3). 

XT  ,  '-»tt  ^50*C’20&-250aim  _ _ _ 

-  2NH3.»  " 

(b)  -  With  oxygen:  : 

Nitrogen  combines  with  oxveen  at  200n°C  tn  from  nitric  nvide  fNOl 
•**«»  +  •  "  >  2NO(f) 

(c)  With  magnesium: 

Nitrogen  combines  with  magnesium  directly  on  heating  to  red  hot  to  form 
magnesium  nitride. 


SMg^  +  N,, 


COMPOUNDS  OF  NITROGEN  (AMMONIA  AND  NITRIC  ACID): 
(1)  AMMONIA  GAS  (NHj): 

Ammonia  is  a  very  important  chemical  in  industry.  Following  are  the  methods  to 
prepare  ammonia  gas.  .  • 

PREPARATION  OF  AMMONIA  GAS: 

(a)  IN  LABORATORY: 

Ammonia  is  prepared  by  heating  Ammonium  Chloride  [NH4CI]  with  slaked  lime 
[Ca(OH)2]  calcium  hydroxide.  Ammonium  chloride  and  powdered  calcium  hydroxide  is 
taken  in  the  flat  bottom  flask.  An  inverted  delivery  tube  is  attached  with  the  flask 
through  cork.  This  mixture  is  heated  then  ammonia  gas  is  collected  downward 
displacement  of  air. 

2NR.C/(S)  +  Ca(OH)2(s)  CaC/2(s)  +  2H20(/)  +  2NH3(g) 

,  _  .  ammonia 

(b)  IN  INDUSTRY: 

Haber  Bosch  Process: 

In  this  process,  a  mixture  of  pure  nitrogen  and  hydrogen  in  the  ratio  1:3  by 
volumes  is  allowed  to  react.  The  basic  problem  in  ammonia  synthesis  is  that  it  is  a 
reversible  reaction  and  can  be  described  as: 

+  3H=®  Fe^AiaO,  .  AH  =  -  92  KJ/mol. 

For  maximum  yield  of  Ammonia,  the  required  condition  of  temperature  should  be 
400-450  C  and  pressure  should  be  200-250  atmosphere  while  a  mixture  of  catalyst 
Fe203  (Ferric  oxide)  with  small  amount  of  A1203  are  required.  At  optimum  conditions 
.Ammonia  gas  is  obtained  which  is  liquefied  by  coolinE. 


Ircr.  catalyst  Water 

(450°C)  l 


92  KJ/mol. 


Dryer  anC 
condenser 


Catalyst 

cnamaer 


Adsorption  Tower 


I— -Ammonia  sol  Jlion 


PRACTICAL  CENTRE 

B-14,  BLOCK-1,  GDLSHAN -E-IQBAL  KARACHI  ®:  34976530-34S12547-349S4762 


207 


PRACTICAL  CENTRE  l  SESSION  201G-2017  0  PRACTICAL  CENTRE  0  SESSION  2016-2017  0  PRACTICAL  CENTRE  0  SESSION  2016-2017 


[£]  PRACTICAL  CENTRE  0  SESSION  2016-2017  0  PRACTICAL  CENTRE  0  SESSION  2016-2017  0  PRACTICAL  CENTRE  0  SESSION  2016-2017  t  PRACTICAL  CENTRE 


0 
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PHYSICAL  PROPERTIES: 

.  (3.)  Ammonia  is  a  colourless  gas  with  pungent  smell. 

(2)  Its  solution  is  alkaline  as.  it  turns  red  litmus  blue. 

(3)  It  is  highly  soluble  in  water  and  its  solution  is  called  aqueous  ammonia. 

(4)  In  large  quantity,  Ammonia  is  poisonous  because  of  its  effect  on  respiratory 
■ :  :  system. 

witrtiCAl.  PROPER  TIES: 

( 1 )  Reaction  With  Water: 

Ammonia  reacts  with  water  to  form  ammonium  hydroxide. 

NH3(6)  +  H3dm - ; - ■‘NH.OH. 

(2)  Reaction  With  Oxygen: 

In  the' presence  of  heated  Platinum  (Pt)  catalyst,  ammonia  reacts  with  excess  of 
air  (oxygen)  to  produce  Nitric  oxide  (NO)  gas. 

•-  4NH3fS)  +  502(g)  — ►  4NO(g)  +  6H20(g)  AH  =  -  95KJ/mol 


□ 


1=4) 


(3) 


Reaction  With  Acids: 

Since  ammonia  is  a  base,  so  it  reacts  with  acids  to  form  ammonium  salts. 

2NH,...  +  h’sO; 


-KNH4)jS0411(J, 

Ammonium  sulphate 


.  .  •'  NHscg)  +  HC/(aq)  ■ 

(4)  Reaction  With  Chlorine  (Ch): 


-NH4C/(s) 


When  ammonia  reacts  with  chlorine,  white  fumes  of  ammonium  chloride 
i>TrLCi]  and  nitrogen  gas  [N2]  are  formed. 


8NH3ffl  -f  3Cl2,g) 


This  reaction  takes  place  in  two  steps: 

(a) 

(b) 


— »6NH4Clltl  +  N,lf) 

Ammonium  chloride 


2NH,.,,  +3Cl,lt)- 
6.NH31,) +  6HQ 


♦  »>*,,  + 6HO* 


-►6NRC1,,, 

White  fumes 


(5)  As  Reducing  Agent: 

.Ammonia'  can  act  as  reducing  agent.  However  it  reduces  heated  copper  oxide 
(CuO)  to  free  copper  metal  with  the  evolution  of  N2  gas  and  water. 

’  3CuO(j1  +  2NH,(£J  — - »3CulM  *r  N,(J)  -r  3H,0(1| 

(6)  Reaction  With  Carbon  Dioxide  (CO2): 

Ammonia  reacts  with  C02  at  high  temperature  about  150CC  under  high  pressure 
to  produce  Urea  [(NH2)2  CO],  which  is  an  important  fertilizer. 

2NH.„„  +  CO„s)  -sj^iNUXCO,.,  +  H;0„, 

USES:  u“ 

(1)  Aqueous  ammonia  is  used  in  laboratories  as  weak  basic  solution. 

(2)  It  is  used  as  solvent  in  laundries  for  removing  grease  and  oil  stains. 

(3)  Liquid  ammonia  is  used  as  cooling  agent  in  some  refrigerators. 

(4)  The  biggest  use  of  ammonia  is  in  the  manufacture  of  nitrogenous  fertilizers,  like 
urea,  ammonium  sulphate,  ammonium  nitrate,  ammonium  phosphate,  etc. 
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;  :  •  IX-Chemistry,  Chapter  #13,  Page #  7 

(2)  NITRIC  ACID  (HNCh): 

:  • ^*ltr*c  ac^  is  a  very  important  acid  which  is  used  extensively  in  the  laboratories 
and  in  industries.  It  was  first  prepared  by  Glauber  in  1685  from  sulphuric  acid  and 
Potassium  Nitrate.  In  early  ages,  it  is  called  Aqua  For tis  (strong  water)  because  it  was 

used  for  separating  gold  from  silver,  silver  beins  soluble  in  this  acid  while  sold  is 
insoluble. 

PREPARATION  OF  NITRIC  ACID: 

(*)  1*1  TAROS  ATOPY- 


iNitnc  acid  is  prepared  by  heating  solid  Potassium  Nitrate  (KNOj)  with,  pone. 
Sulphuric  acid  (H2S04)  - 

KNO„„  +  H.SO,wl - <= - >KHSO„„,  4-  HNO,,,,  ' 

Potassium  .  Nitric  acid  .  ..  ■ 

hydrogen  sulphate-  _  ;  V  '■* 

(b)  IN  INDUSTRY  (OSTWALD'S  METHOD): 

Nitric  acid  is  manufactured  on  large  scale  by  the  catalytic  oxidation  of  ammonia 
by  OstwalfTs  method. 

STEP#  1: 

:  Iti  this  step,  Ammonia  gas  is  allowed  to  react  with  excess  of  air  in  presence  of 

platinum  catalyst  at  600°C  to  produce  nitric  oxide  (NO)  gas  and  steam  in  the  catalytic 
chamber.  The  catalyst  is  used  in  the  form  of  gauze. 

4NH3(£)  +  502(g)  »  4NO(g)  +’6H20(g)  AH  =  -95KJ/mol 

STEP#  2: 

Since  the  reaction  is  exothermic,  the  temperature  of  chamber  is  increased  so  the 
gaseous  mixture  is  passed  through  coolers  until]  temperature  is  reached  about  150°C. 

Nitric  oxide  (NO)  is  then  mixed  with  excess  of  air  in  oxidation  chamber  to 
produce  Nitrogen  dioxide  (N02). 


STEP#  3: 


2NO(p)  +  0:i, 


-*2NO. 


Nitrogen  dioxide  (N02)  is  directly  dissolved  in  water  to  produce  Nitric  acid, 
liberating  Nitric  oxide  (NO)  gas  in  the  absorption  chamber.  Nitric  oxide  gas  is  sent  back 
to  the  oxidation  chamber. 

3N02(s>-  -4-  HaOfl,  - »  2HN03(aq)  +  NO(s) 

STEP#  4: 


Nitric  acid  obtained  from  this  process  is  68%  concentrated  which  can  be 
concentrated  further  by  passing  over  concentrated  H2SOi. 
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PHYSICAL  PROPERTIES:  ^ 

(1)  Pure  Nitric  acid  is  a  colourless  fuming  liquid  with  sharp  chocking  smell.  It  has 

sour  taste.  : 

(2)  Its  boiling  point  is  83°C  while  its  freezing  point  is  -  41-6CC. 

(3)  The  density  of  pure  nitric  acid  is  1.52g/cm3. 

(4)  It  is  highly  soluble  in  water.  ' 

,14  5.. _ .  _  -  _  ...  ,  .  ... 


iNitrogen  dioxide  (i\02). 

4HNO,._ 


^4N02(()4-02(b)4-2R0(1i 


The  yellow  colour  of  nitric  acid  is  due  to  dissolved  nitrogen  dioxide  (NO->)  2 as. 

CHEMICAL  PROPERTIES: 

(1)  As  an  Acid: 

(a)  Reaction  with  water: 

Nitric  acid  is  a  strong  monobasic  acid  in  its  aqueous  solution  ionizes  completelv 
in  water  as:  r 


hno3+h2o= 


(b)  Reaction  with  Alkali: 


^H30-  +  N03- 

Hydronium  ion 


Nitric  acid  reacts  with  alkalies  to  form  salt  and  water,  metal  oxides  and  metal 
carbonates  to  form  nitrate  salt  and  water. 


HNO  3(aq)  +  KOH, 

(c)  Reaction  with  Metals: 


KNO.Vaq)  +  H2Or 


Nitric  acid  reacts  with  metals  to  form  salt  and  hydrogen  gas  is  liberated. 
Mg*}  4-  2HN03(aq)  - *  Mg(N03)2(aq)  +  H2(s) 

(d)  Reaction  with  Metal  Oxide: 


Nitric  acid  reacts  with  metals  to  form  salt  and  water. 

MgO(J)  +  2HN03(SU3)  — - *  Mg(N03)2raqj  +  H20w 

(e)  Reaction  with  Metal  Carbonate  or  Bicarbonate: 

Nitric  acid  reacts  -with  metal  carbonate  or  bicarbonate  to  form  nitrate  salt  and 
water  while  carbon  dioxide  sas  is  liberated. 


Na2C03(s)  +  2HN03(aq) 
NaHCOs*)  +  HN03faq) 


2NaN03(aq)  4-  C02{g)  +  H20( 
NaN03(aq)  4-  C02(s,  4-  H20( 
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(2)  As  an  Oxidizing  Agent: 


IX-Chemistry,  Chapter  #13,  Page  #  9 


asta  oxidizinS  agent  because  it  is  an  electron  acceptor 

and  has  nitrogen  at  its  highest  oxidation  state  (+5).  . 

(a)  Reaction  with  Non-Metals:  • 

Hot  and  Concentrated  Nitric  acid  reacts  with  many  non-metals. 

with  Carbon:  Carbon  reacts  with  nitric  acid  to  liberate  rn,  nn  wW 

C(s)  +  4HN03(concj - -CO^  +  4NO,(g)  +  2H,O(0  .  > 

with  Silicon:  Silicon  (Si)  reacts  with  nitric  add  to  liberate  N02  eas  on  heating 

~  '  £5* 

Si(s3  +  4HN03fconc) - - — *Si02u)  +  4N02U)  +  2H2Ow 

with  Sulphur:  Sulphur  reacts  with  nitric  acid  to  Hberate  SO,  sas  on  heatin*  - 

Si(s)  +  4HN03(conc) - *“  SiO^'s)  +  4N02(g)  +  2H,0(/) 

with  Phosphorous:  Phosphorous  reacts  with  nitric  acid  to  liberate  NO,  gas  and 
phosphoric  acid  is  formed  on  heatin^ 

o* 


HsPO^jq)  +  5NO,(g)  + 

Phosphoric  acid 


“^^3(aqi  +  10NO2(g)  +  4H2Ofn 


P(s)  +  5HN03{Conc) 

with  Iodine:  Iodine  reacts  with  nitric  acid  to  liberaK  Normas  and  hydrogen  iodate 
is  formed  on  heating. 

l-<s)  +  iOHNO  3(conc)- 

(b)  Reaction  with  Metals: 

metaist^rr^  “  Wli  “  di’Ute  acid  reacIS  wi*  ™v  less  electropositive 
metals  to  liberate  Nitrogen  dioxide  (NO,)  and  Nitric  oxide  (NO).  P 

with  Copper:  Copper  (Cu)  reacts  with  Concentrated  nitric  acid  to  liberate  NO,  gas. 

Cu..»  +4HN03<£omi-^Cu(NO;)^(  +  2NOMgi +  2ELO,,, 

Copper  (Cu)  reacts  with  dilute  nitric  acid  to  liberate  NO  eas. 

3Cuu,  +8HNO^-nj - »3Cu(NO,)a(aq|  +  2NO(f)  +  4H:0(I) 

with  Lead:  Lead  (Pb)  reacts  with  Concentrated  nitric  acid  to  liberate  NO,  gas. 

Pb-  +4HN0,_)-^Pb(N05)1,aqi  +  2NO,(l  +  2H:Oitl 

Lead  (Pb)  reacts  with  dilute  nitric  acid  to  liberate  NO  sas. 

3Pb(%)  +SHNO,(diI) - r3Pb<NO,)2i#(?)  +2NO!W  +  4H2Of.( 

with  Zinc.  Zinc  (Zn)  reacts  with  Concentrated  nitric  arid  to  liberate  NO,  sas. 

Znu,  +  4HNO,(concj  — Zn(NO,)3(aq.  +  2NOWf;  +  2H.O(1) 

Zmc  (Zn)  reacts  with  dilute  nitric  acid  to  form  ammonium  nitrate. 

4Zn((1  -rlOHNOVdin - *4Zn(NOs)2laq,  -fNH4N03(  +3H,0 


a 

-O 

73 

> 

O 

H 

O 

> 

I— 

n 

m 
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'  IX-Chemistry,  Chapter  #13,  Page  #10 

(c)  Reaction  with  Reducing  Agents: 

Nitric  acid  which  is  a  strong  oxidizing  agent  also  undergoes  redox  reactions  with 
some  common  reducing  agents  like,  H2S,  S02:  etc. 

With  H2S:  Cone,  nitric  acid  oxidizes  H2S  to  sulphur  while  it  liberates  NO2  gas. 

HjSu  +  2HN03(ConC)  - ►  S(s)  +  2N02(g)  +  2H20(/j 

with  SOz  :  Cone,  nitric  acid  oxidizes  S02  (Sulphur  dioxide)  to  H2S04 
while  it  liberates  NO  gas. 


ou2(s)  -  ^.ruN  U3(colc) 


-7ri2^Od(3q)  -riiNU3(fi 
Sulphuric  acid 


AQUA  REGIA:  5“‘pnm“aQ 

The  noble  metals  like  gold,  platinum  which  are  not  soluble  in  concentrated  nitric 
acid.  However  they  are  dissolved  in  a  mixture  of  cone.  HNO3  and  cone.  HCZ  taken  in 
the  ratio  of  1:3.  This  mixture  is  called  Aqua  Regia  or  Royal  Water. 

Aqua  regia  dissolves  gold  due  to  liberation  of  nascent  chlorine  which  reacts  with 
gold  to  form  soluble  gold  chloride. 

l^NC^conc)  +  .oHCZ(cQnc)  ►  NOCZ  (aq)  +  2H20(j)  +  k2[  CZ  ](;.) 

Nitrosyl  chloride  Nascent  or  atomic  chlorine 

:  NOC/(g)  - -  NO(g)  +  [CZ](g)  \ 


+  3C  L 


USES: 


Au  CZ3(aq) 

Gold  chloride 


(1)  It  is  used  as  in  laboratory'  as  a  strong  acid. 

(2)  Large  amount  of  nitric  acid  is  used  in  the  manufacture  of  fertilizers.  Such  as 
NH4NO3,  NaNOs,  KN03,  etc. 

(3)  It  is  used  in  the  manufacture  of  cellulose,  lacquers  and  smokeless  gun  powder. 

(4)  It  is  used  in  the  manufacture  of  dyes  and  explosives  such  as  nitroglycerol  and 
trinitrotoluene  (T.N.T)  which  are  powerful  explosives. 

(5)  It  is  used  as  a  powerful  oxidizing  agent  in  the  production  of  important  polymers 
like  nylon  and  terylene. 

(6)  It  is  used  in  the  formation  of  aqua  regia  which  dissolves  noble  metals  and  it  is 
also  used  for  etching  (designing  on  copper  plates). 

INTRODUCTION: 

Oxygen  w>as  discovered  in  1774  by  Priestley.  Oxygen  belongs  to  VI-A  group  in 
-the  periodic  table.  Oxygen  is  a  non-metal.  It  is  found  in  gaseous  state  with  diatomic 
molecular  form  (02)  in  the  air.  Oxygen  is  one  of  the  essential  gas  for  life.  It  helps 
respiration. 


Name 

Oxygen  ( sO ) 


r  shell 


2nd  shell 


3rd  shell 


4th 'shell 


PREPARATION  OF  OXYGEN: 

(a)  IN  LABORATORY: 

Oxygen  is  prepared  by  thermal  decomposition  of  Potassium  Chlorate  (KC103)  in 
presence  of  a  catalyst  Manganese  dioxide  (Mn02). 

*-2KCZ03(rt  — »  2KCZ(S)  +  30™ 
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(b)  IN  INDUSTRY: 


IX-Chemistry,  Chapter #13,  Page#  11 


•  .  In  ^  industry.  Nitrogen  and  Oxygen  is  prepared  by  the  fractional  distillation  of 

liquid  air. 


Air  is  passed  through  caustic  soda  (NaOH)  to  remove  C02  and  other  acidic 
impurities  present  in  air.  Now  it  is  compressed  under  very  high  pressure  and  then  cooled 
down.  The  process  of  compression  and  expansion  are  repeated  again  and  again  due  to 


E 


. — -yv  •—  wiiiui  uir  occupies  nquiu. 

The  liquid  air  contains  nitrogen,  oxygen  and  argon.  Liquid  air  is  passed  through 
fractionating  column  where  at  -196°C,  Nitrogen  boils  and  can  be  removed  from  the  top 
of  the  column  similarly  .Argon  boils  at  -185.7°C  and  then  is  removed  from  the  middle  of 
the  column  while  liquid  oxygen  is  collected  from  the  bottom  of  the  column  at  -1S3°C. 


(1)  Oxygen  (02)  is  a  colourless,  odourless  and  tasteless  gas. 

(-)  It  is  1.1  times  heavier  than  air. 

(3)  It  liquefies  (boiling  point)  at  — 183°C  and  solidifies  (melting  point)  at  — 225°C. 

(4)  The  bond  dissociation  energy  of  02  (O  =  O)  is  498  KJ/mol 

(5)  It  is  slightly  soluble  in  water  only  about  2%  by  volume  at  room  temperature. 

CHEMICAL  PROPERTIES: 

Oxygen  reacts  with  metals,  non-metals  and  other  compounds  directly.  The  binary' 
compounds  of  oxygen  are  known  as  oxides. 

OXIDES: 

The  binary  compounds  of  oxygen  with  metals  and- non  metals  are  called  Oxides. 
e.g  CaO,  Fe203,  C02;  H20,  etc. 

Classification  of  Oxides: 

On  the  basis  of  oxidation  state  (valence  number)  of  Oxygen,  oxides  are  classified 
into  several  groups  like 

(i)  Normal  Oxides  .  -  (ii)  Peroxides 

(ui)  Super  Oxides  (iv)  Sub  Oxides 
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•  IX-Chemistry,  Chapter  #13,  Page  #  12 

(1)  NORMAL  OXIDES: 

'  -Normal  oxides  are  those  oxides  in  which  oxygen  shows  -2  oxidation  state 
*”*■  *  (valence  number) 

Normal  oxides  are  further  classified  into  four  types  on  the  basis  of  their  chemical 
characteristics. 

(a)  Basic  oxides  (b)  Acidic  oxides 


(a)  BASIC  OXIDES: 

The  normal  oxides  of  metals  are  the  examples  of  basic  oxides. 

e.g.  .  .  4Na  ,s)  4  02(g)  — - >  2Na20(S) 

2Ca  (sj  4-  02(g)  — ^  2CaO(S)  . 

These  oxides  react  with  water  to  form  their  bases  which  turn  red  litmus  blue.  -  - 

Na20(S)  4  HjOm  - ^  2NaOH(aq) 

CaO(S)  4  H20(d  - ^  Ca(OH)2(aq)  * 

These  oxides  react  with  acids  to  form  salts  and  water. 

Na20(s)  4  2HCZ(aq)\^- - ^  2NaC/(aq)  4  H20(/) 

CaO(s)  4  2HC/(aq)  - ^  CaC l2  (aq)  +  H2Ofl) 

(b)  ACIDIC  OXIDES: 

The  normal  oxides  of  non-metals  are  the  examples  of  acidic  oxides. 

e-»*  C  (s)  +  02(g)  >  C02(g) 

S  (s)  +  02(g)  >  S02(g) 

These  oxides  react  with  water  to  form  acids  which  mm  blue  litmus  red. 

C02{g)  4  HA,, - ^  H^COjfaq)  (Carbonic  add) 

S02(g)  4  H20(1)  — - ^  H2S03(aq)  (Sulphurous  add) 

These  oxides  react  with  base  (alkali)  to  form  salts  and  water. 

OOifs)  +  2NaOH(3q) - ^  NanC03(aq)  4  H2Ofl, 

(c)  AMPHOTERIC  OXIDES: 

The  normal  oxides  of  less  electro-positive  metals  (Aluminium,  Zinc,  Iron,  Tin) 
are  the  examples  of  Amphoteric  oxides.  They  react  with  acid  and  base  to  form 
salt  and  water. 

e.g.  4A1  (S)  4  301(g)  - >  2A1203(S) 

2Zn(S)  4  0:(g)  >  2ZnO(s) 

Amphoteric  oxides  react  with  acids  to  form  salt  and  water. 

ANOsff)  4  6HCZ(aq) - ^  2AlC73(aq)  4  3H20(1) 

ZnO(s)  4  2HC^(aq)  7 - ^  ZnC/2(aq)  +  H20<I) 

.Amphoteric  oxides  react  with  alkalis  to  form  salts  and  water. 

A1203(S)  4  2Na0H(aq>  ^  2NaA102(aq)  4  3H20{]) 

Sodium  aluminate 

ZnOf5)  4  2Na0H(aq)  ^  NaiZnOifaq)  +  H2Oo) 

Sodium  zincate 
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(d)  NEUTRAL  OXIDES: 


IX-Chemistry,  Chapter#  13,  Page  #13 


Neutral  oxides  are  neither  acidic  nor  basic.  They  are  neutral  to  litmus  in 
aqueous  solutions. 


*.  (H2°^  Nitdc  oxide  ^N°)«  Citrous  oxide  (N20)  and  Carbon  monoxide 

(2)  PEROXIDES: 

'PfTnvirl^t;  nra  tVn>-o  rivt/4»c  _ .. _ ,  ,  -  .  . 

fhese  oxides  contain  higher  proportion  of  Oxygen  as  compared  to  normal  oxides. 

e.g.  Sodium  peroxide  (Na202),  Barium  peroxide  (BaCb)  and  also  hvdro^en 
peroxide  (H202).  = 

(3)  SUPER  OXIDES: 


a 


Super  oxides  are  those  oxides  in  which  oxygen  shows  oxidation  state  (valence  number) 

Potassium,  Rubidium  and  Caesium  (from  IA  group)  form  Super  oxides.  They 
contain  more  oxygen  than  peroxides. 

e.g.  Potassium  super  oxide  (K02),  Rubidium  superoxide  (RbCb)  and  Caesium 
superoxide  (Cs02). 

(4)  SUBOXIDES:  ^ 

•  Suboxides  have  less  quantity  of  oxygen  than  the  normal  oxides.  They  are 
unstable.  Very  few  suboxides  are  known. 

e.g.  Carbon  suboxide  (C302). 

HYDROGEN  PEROXIDE  or  OXYGENATED  WATER  (HzOz): 
Introduction: 

Hydrogen  peroxide  (H^On)  contains  one  more  oxygen  atom  than  water  (H-,0)  so  it 
is  also  called  Oxygenated  water. 

PREPARATION: 

(a)  IN  LABORATORY: 

Hydrogen  peroxide  is  prepared  by  the  action  of  dilute  sulphuric  acid  on  barium 
,  peroxide  (Ba02).  Barium  sulphate  is  insoluble  and  can  be  easily  removed  bv 
"  filtration  and  pure  H202is  obtained. 


H2S04<aq)  4-  Ba02(S)  — >  BaS04(s)  +  H202<aqj 

(b)  IN  INDUSTRY: 

Hydrogen  peroxide  is  usually  manufactured  by  the  oxidation  of  isopropyl 
alcohol  (Propan-2-ol)  with  oxygen  under  reduced  pressure. 

O 

•  CH3-CH-CH3(1)  +  o2(g) - -h2o2(3)  4-  ch3-c-ch30) 

qjj  hydrogen  peroxide  acetone 

Isopropyl  aicohd 
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'  ■  —  :'-T  ' V  -  •  IX -Chemistry,  Chapter  #13,  Page  #  14 

PHYSICAL  PROPERTIES: 

(1)  It  is*pale  blue  liquid  with  sour  taste. 

(2)  It  turns  blue  litmus  red. 

(3)  It  mixes  with  water  to  give  solution  which  is  slightly  acidic. 

(4)  It  melts  at  -1°C  and  boils  at  150°C  but  it  decomposed  on  it. 

CHEMICAL  PROPERTIES: 

1 1  j  wcCoinpusiuoii; 

Hydrogen  peroxide  is  heated  in  presence  of  Manganese  dioxide ‘(Mn02)  then 
Oxygen  gas  is  produced  with  water. 


2HAm 


->2H.O(I)  -rO,(E|  -rheat 


(2)  As  Oxidizing  Agent: 


Hydrogen  peroxide  is  a  strong  oxidizing  agent  because  it  can  readily  donate 
oxygen  or  accept  electrons. 


H2O20, 

h2o20)+  iir  +  2z~ 

IKI^aqj  +  H202  -4-  H2S04(aqj 
H2S(g)  +  H202(aq) 


H20(/)  +  [O]  (donor  of  oxygen) 
Atomic  oxygen 

-7  2H20 (/)  (acceptor  of  electron) 


K2S04(aq)  +  2H20(f)  +  I2(s) 

Sw  +  2H:0„, 

Yellow  ppt 


0 


0. 


(3)  As  Reducing  Agent: 

It  reacts  with  more  powerful  oxidizing  agents  then  oxygen  gas  is  releazed  so  it 
can  also  act  as  a  reducing  agent. 

2KMn04(=q)  +  3H2S04<aq)  +  5H202(aq;  — >  K2S04laq)  +  2MnS04(aq)-r  8H20(|)-r  502(e) 

Cl2lg,  *4*  H202(aq)  — >  2HCl{aq)  +  02(g) 

Oxidizing  agent  Reducing  agent 

USES: 

( t )  Hydrogen  peroxide  is  used  as  a  mild  antiseptic  in  mouth  wash  as  well  as 
cleaning  wounds. 

(2)  Hydrogen  peroxide  is  used  as  bleaching  agent  in  bleaching  delicate  materials 
like  silk; 'wool,  feathers  and  human  hairs  which  are  usually  damaged  by  other 
bleaching  agents  like  chlorine,  sulphur  dioxide  etc.  it  removes  unwanted  colour 
from  fabrics,  hair  or  other  materials. 

(3)  Liquid  H202  is  used  for  restoring  paintings.  Lead  paints  containing  lead 
carbonate  (PbC02)  when  exposed  to  atmosphere  blacken  due  to  exposure  to 
atmospheric  H2S,  PbC02  is  convened  into  lead  sulphide.  (PbS).  The  treatment 
with  H202  oxidizes  lead  sulphide  into  PbS Ch,  thus  the  white  colour  is  restored. 

(4)  Liquid  H202  is  use  for  providing  oxygen  for  burning  fuel  in  space  rockets.  It  is 
also  used  for  burning  diesel  oil  in  engines  of  submarines. 

(5)  It  is  used  in  the  preparation  of  compounds  like  sodium  chlorate  (NaC /O3)  and 
some  organic  peroxides  which  are  used  for  polymerizations. 
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OXIDATION  and  REDUCTION: 

(1)  OXIDATION: 

^  * 

Oxidation  can  be  defined  as: 

(a)  Addition  of  oxygen  in  a  substance 
(c)  Loss  of  electrons  from  a  substance 

(a)  Oxidation  as  addition  of  oxygen: 

4Fe  +30, 


IX-Chemistry,  Chapter  #  13.  Page  #15 


(b)  Removal  of  Hydrogen 


Oi  JU  JiuilluCS. 


a»»> 


^2FeJ03„, 

rerric  oxide 


C(..  + 

2N°(fl  +  cW 


->CO,(f. 

Carbon  dioxide 


-*2noi1si 

Nitirogen  peroxide  or  nitrogen  dioxide 

(b)  Oxidation  as  removal  of  hydrogen: 

A  process  in  which  the  removal  of  hydrogen  occurs  from  a  compound. 

MxOL  +  4HC/(aq) - >  MnG^,  +  a2(g)  +  2H20(1) 

(c)  Oxidation^as  removal  or  loss  of  electrons: 

A  process  in  which  loss  or  removal  of  electron  from  a  substance  takes  place. 


Na(s)  - 

— > 

Na+ 

_  _  I* 

+ 

le~ 

Mg(s)  “ 

s 

Mg 

+ 

2e" 

G1  (aq) 

— > 

Cl 

+ 

le“ 

(2)  REDUCTION: 

Reduction  can  be  defined  as: 

(a)  Removal  of  oxygen  from  a  substance  (b)  Addition  of  Hydrogen 

(c)  Gain  of  electrons  by  a  substance 

(a)  Reduction  as  Removal  of  oxygen: 

A  process  in  which  the  removal  of  oxygen  from  substances  is  taken  place. 

CuO(s)  +  C(S)  — >  Cu(s)  +  CO(g) 


Reduction 

(b)  Reduction  as  Addition  of  H2  (Hydrogen): 

A  process  in  which  the  addition  of  hydrogen  takes  place. 

H2S(g-;+C/2(g)  -+  Sw+  2HC4 


Reduction 

(c)  Reduction  as  Gain  of  electrons: 

A  process  in  which  gain  of  electron  takes  place. 

Zn+2 


taq) 


+  2e~  - >  Zn  (s) 

Cl  (g)  +  le  - >  Cl 


<C  cr 
1— —  cT  ra'_  cr» 
^  i  5 
cza  c:  «  u  JC; 
o  D  2  ^ 
C_)  ra  to 
5*  ^  TO  it;  rsi 

at  ~  cu  * 

_ r  — 

=>&  <  z  n 

~  ^  if 

a*  o  -.2° 

35  ^  s  2  S 

=1  2<  g  « 


(aq) 


PRACTICAL  CENTRE 

B-14.  BLOCK-1,  GULSHAN-E-IQBAL  KARACHI.  34976530-34812547-34984762 


B 


217 


PRACTICAL  CENTRE  F  SESSION  2016-2017  0  PRACTICAL  CENTRE  0  SESSION  2016-2017  0  PRACTICAL  CENTRE  0  SESSION  2016-2017  0  PRACTICAL  CENTRE 


s' 

’  -  -  -V  -  .  -  IX-Chemistry,  Chapter#  13,  Page  #  16 

uj' 

cc 

REDUCING  AGENTS:  : 

m 

30 

Z 

Ui  - 

A  substance  which  donates  or  loses  electron  (s)  *apd  oxidizes  itself  is  called 

> 

n 

H 

_l .. 

'  < 

reducing  agent.  Oxidation  takes  place  in  presence  of  reducing  agent.  -  '  - 

C3 

-> 

u 

h* 

u 

e.g.  .All  metals,  Carbon.  H2S,  NH?,  H202  are  the  examples  of  reducing  agents. 

O 

m 

< 

o: 

0- 

OXIDIZING  AGENTS:  - 

H 

33 

m 

.i  ^.-ij.5i.uuiwc  vvuiwil  uu-wwpua  ul  •JicuU.'UlU.ij  ualU  i eQUCsia  iijcil  iS  c-UiieiJ 

- 

N 

T“ 

O  - 

.  oxidizing  agent.  Reduction  takes  place  in  presence  of  oxidizing  agent!" 

CO 

rn 

c/> 

CD 

O 

e.g.  Non-metals,  acids.  02,  Cl2,  NO,  etc.  are  the  examples  of  oxidizing  agents'. 

U)  . 

O  - 
z. 

z 

o 

4NH2<g)  +  6N0(g)  ^  5N2(»j  +  6H20(i) 

fO 

0 

0 

C/3 

UJ 

In  this  reaction  NH3  oxidizes  to  N2  (oxidation-removal  of  hydrogen)  so  it  is  a 

M 

O 

reducing  agent  (NH3).  NO  reduce  to  N2  (Reduction-removal  of  oxvaen)  so  it  is  an 

-4 

H 

oxidizing  agent.  .  •, 

0 

K 

h- 

Z 

REDOX  REACTIONS:  “ 

33.-. 

n 

o 

-J 

When  oxidadon  and  reduction  reactions  take  place  simultaneously  ihen  the  reactions  are 

0 

> 

g 

called  Redox  Reactions.  r  ’  1 c-  ‘ 

,r* 

0 

u 

< 

K 

HoS^)  +  C/2(g)  >  S(s)  +  2HC/(gJ 

z 

H 

31 

Reducing  agent  Oxidizing  agent 

fTI 

S 

Oxidation  takes  place  Reduction  takes  place 

b 

r- 

i 

OZONE: 

CO 

m 

to 

•  r- 

ca 

Ozone  is  a  pale-blue  poisonous  gas  with -a  sharp,  irritating  odour.  It  is  an 

m 

O' 

allotropic  form  of  oxygen  with  molecular  formula  O3.  Ozone  was  first  discovered  by 

N3 

o 

Schonbein  in  1S39.  However  in  1886  J.  Soret  demonstrated  that  Ozone  (03)  was 

CO 

UJ 

CO 

actually  an  allotrope  of  oxygen  (02). 

PO 

0 

S 

Occurrence: 

B 

K 

1— 

Ip  nature  ozone  is  formed  from  atmospheric  oxygen  by  lightening  flashes. 

TJ 

31 

> 

UJ 

u 

however  ozone  is  very  unstable  dissociates  readily  forming  reactive  oxygen  atom. 

n 

-I 

< 

u 

03(g) - >  02(g)  +  0<g)  ;  AH  =  — 107KJ/moL 

>■ 

r- 

0 

t— 

u 

< 

Atomic  oxygen 

m 

z 

-P 

CL 

Ozone  exists  in  a  layer  at  a  height  of  about  20  kilometers  above  the  earth  where  it 

m 

5 

is  believed  to  protect  the  earth’s  surface  form  too  much  ultra  violet  radiation  of  the  sun. 

.a 

Very  small  amount  of  ozone  is  produced  around  electrical  machineries  when  they  are  in 

C/3 

CN 

ID 

operations. 

CO 

CO 

a 

rs 

Z 

Preparation: 

z 

N3 

0 

CO 

CO 

Ozone  can  be  prepared  from  oxygen  by  passing  electric  discharge  through  oxygen 

0 

es 

CO 

gas.  It  is  necessary  to  use  silent  discharge  because  sparking  would  generate  heat  energy 

-4 

S 

which  decomposes  ozone  produced. 

a 

UJ 

K 

(- 

The  apparatus  used  for  converting  oxygen  into  ozone  is  known  as  ozonizer. 

~0 

33 

> 

Z 

UJ 

o 

■  40  eienriedijcnarss  .  ''O 

S* 

a 

—i 

O 

< 

o 

K 

Oxygen  Ozone 

> 

r* 

0 

rn 

< 

a 

a. 

PRACTICAL  CENTRE 

Z 

— 1 

33 

m 

S 

B-14.  BLOCK-1,  GULSHAN-E-IQBAL  KARACHL®:  34976530-34812547-349S4762 

□ 

218 


PRACTICAL  CENTRE  13  SESSION  201C-2017  0  PRACTICAL  CENTRE  0  SESSION  2016-2017  0  PRACTICAL  CENTRE  0  SESSION  2016-201/  il  PRACTICAL  CENTRE .  0  ! 


PHYSICAL  PROPERTIES: 


IX-Chemistry,  Chapter#  13,  Page#  17 


(X)  Ozone  is  a*pale-blue  gas  at  ordinary  condition. 

(2)  Pure  ozone  can  be  obtained  as  blue  liquid  by  cooling  at  -112°C. 

(3)  Ozone  has  characteristic  smell  which  is  sharp  irritating  like  Cl2  gas. 

(4)  Ozone  is  slightly  soluble  in  water  bur  dissolves  in  mroentine  oil  readilv 

<5)  Ozone  is.  very  poisonous  gas  at  concentration  100  parts  per  million  (ppm). 
Exposure  to  0.1  to  1  ppm  in  air  produces  headache,  burning  of  eyes  and 
irritation  to  the  respiratory  passages.  ' 

CHEMICAL  PROPERTIES: 

Ozone  is  chemically  more  reactive  than  ordinary  diatomic  oxygen  (02).  It  acts  as 
powerful  oxidizing  agent  because  02  dissociates  readily  forming  reactive  oxygen  atoms. 


AH  --107KJ  /  mol. 


Atomic  oxygen 

Ozone  reacts  with' Lead  sulphide  (PbS),  Sulphur  dioxide  (S02)  and  Potassium 
Iodide  in  acidic  medium  liberating  oxygen  (02)  gas. 


With  PbS 


PbS(„1  +  403(e} 


►PbSO^+40^ 

Lead  sulphate 


With.SO, 


so*.,+<V 


Sulphur  trioxide 


With  KI 


USES: 


2KI,3^03cf)-H;S041aql 


'K;SO.iaq)  +  I;iail  ■+■  H;0U(  +  0,(J) 


(1)  Ozone  is  sometimes  used  in  treatment  of  domestic  water  in  place  of  chlorine. 
Like  chlorine  it  kills  bacteria  and  oxidizes  organic  compound  present  in  water. 

(2)  It  is  used  as  bleaching  agent  because  all  oxidizing  agents  are  also  good 
bleaching  agents. 

(3)  It  is  largely  used  in  the  preparation  of  pharmaceuticals,  synthetic  lubricants  and 
other  commercially  useful  organic  compounds. 

IMPORTANCE: 

Ozone  is  an  important  component  of  the  upper  atmosphere,  where  it  serves  to 
screen  out  the  ultra-violet  radiations  of  the  sun.  In  this  way  ozone  protects  the  earth 
from  the  harmful  effects  of  high  energy  rays.  For  this  reason,  depletion  of  ozone  layer  is 
a  major  scientific  concern,  now-a-days.  But  in  the  lower  atmosphere  ozone  is 
considered  as  air  pollutant  because  of  its  oxidizing  power,  it  causes  damage  to  living 
systems. 
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EXERCISE ;  ;'VA  y . 

(1)  (a)  Fill  in  the  blanks.  _  -• 

__  •‘vi 

W  Ths  yellow  colour  of  nitric  add  is  due  to  dissolved  nitrogen  dioxide  (NO-,)  gas. 

(ii)  When  one  mole  of  N2  gas  is  mixed  with  three  moles  of  H2  gas,  2  moles  of  - 
NH;.  gas  is  produced. 

(iii)  Nitric  acid  on  the  large  scale  is  produced  by  Ostwald’s  method  from  ammonia. 

(iv)  .Ammonia  on  the  large  scale  is  nrodnced  hv  Raher  ~Rnsrh  or'oce^s. 

--  — *  iiULL  i'-'ii-u  ux  v^c n  »aui  iuuiccuidr  iormuia  U?. 

(\i)  The  powerful  ultra  violet  radiation  of  the  sun  are  screened  by  Ozone  layer, 
(vii)  The  process  which  takes  place  by  the  loss  of  electrons  is  called  oxidation ± 
(viii)  In  peroxides  the  oxidation  state  of  oxygen  is  -1  . 

(ix)  The  oxides  that  show  acidic  and  basic  characters  are  known  as  Amvhoteric. 

(x) .  Nitrogen  boils  out  from  the  liquid  air  at  temperature  - 196° C. 

(b)  Point  out  True  or  False  in  the  following  statements: 

(i)  Oxygen  is  separated  from  the  liquid  air  before  nitrogen.  [False] 

(ii)  Air  contains  about  21%  02  gas  by  volume.  .  [True] 

(iii)  Nitric  acid  acts  as  a  powerful  oxidizing  agent.  -[True] 

•  (iv)  Hydrogen  peroxide  decomposes  to  liberate  02  gas  on  exposure.  [True] 

(v)  Ammonia  gas  is  insoluble  in  water.  [False] 

(vi)  Ozone  exists  at  the  height  of  about  20  Kilometers  above  the  earth.  [True] 

(vii)  The  substance  that  accepts  is  used  for  the  production  of  nitric  acid.  [False] 

(viii)  Haber’s  process  is  used  for  the  production  of  nitric  acid.  [False]' 

(Lx)  Nitrogen  in  HN03  is  in  its  highest  oxidation  state  of  +5.  [True] 

(x)  Nitrogen  belongs  to  VIA  .group  of  the  periodic  table.  -  [False] 

(c)  Pjck  up  the  correct  answer  form  the  following: 


When  ammonium  chloride  is  heated  with  a 'base,.  the  gas  liberated  is: 

(a )  ammonia  (b)  oxygen  (c)  nitrogen  ~  (d)  nitric  oxide  (NO) 

The  catalyst  used  for  the  catalyuc  oxidation  of  NH3  in  Osrwald’s  method  is: 

(a)  nickel  (b)  chromium 

(c)  platinum  (d)  vanadium  penta  oxide 

The  metal  that  liberates  H2  gas  when  treated  with  dil.  HN03  is: 


C°2(g) 


(a)  copper  (b)  aluminium  (c)  zinc  (d)  magnesium 

(iv)  The  boiling  point  of  liquid  oxygen  is: ' 

(a)  -196°C  (b )-183V  '  .  (c)  -200°C  (d)-187.5°C 

(v)  Select  the  redox  reaction  from  following  reactions: 

(a)  Cl  -f  CZ - »C/2(g) 

(b) CaC03 - >  CaO(g)  +  C02(g) 

(c)  2FeCl3  +  H2S - ->  2FeCl2  +  2HCI  -r  S 

(d)  N. - »N*  +  N‘ 

(vi)  The  air  we  breathe  in  usually  contains  a  higher  proportion  of: 

(a)  nitrogen  t.b)  oxygen  (c)  carbon  dioxide  (d)  water  vapours 

(vii)  Which  one  or  the  following  is  the  easy  way  to  distinguish  ozone  from  oxvgen? 

(a)  by  comparing  their  solubilities  (b)  by  comparing  their  oxidizins  properties 
(c)  by  comparing  allotropic  forms  (d)  by  comparing  their  odours 

(viii)  The  most  abundant  element  found  in  nature  is: 

.  .  (a)  oxygen  (b)  silicon  (c)  nitrogen  (d)  hydrogen 

(ix)  Urea  is  produced  by  heating  carbon  dioxide  (C02)  with, 

(a)  nitric  acid  (b)  ammonia  (c)  hydrogen  ■  (d)  potassium  nitrate 

(x)  Hydrogen  peroxide  is  produced  in  the  laboratory  by  heating  sulphuric  acid  with: 

(a)  sodium  peroxide  (b)  potassium  peroxide 

(c)  barium  peroxide  (d)  strontium  peroxide 
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INTRODUCTION:  ■ 

Sulphur  is  the  second  member  of  VIA  group  of  the  periodic  table  and  has  symbol 
S,  its  atomic  number  is  1 6  while  atomic  mass  is  32  a.m.u.  Sulphur  has  been  known  for 
its  medicinal  and  germicidal  effect  before  1000  B.C.  but  its  chemical  nature  remained 
unknown  until  1787  when  Lavoisier  recognized  it  as  an  element. 


0 


.ULUiAUfil 

The  existence  of  an  element  in  two  or  more  different  forms  is  called  Allotropy 
and  different  forms  are  called  AHotropes  or  Allotropic  forms. 

.  Chemical  properties  of  allotropic  forms  are  same  but  they  have  different  physical 
properties  due  to  different  structures  or  arrangements  of  the  atoms. 

Allotropic  forms  of  Sulphur: 

(1)  Crystalline  Forms: 

(i)  Rhombic  Sulphur  (a  -  Sulphur) 

(n)  Monoclinic  Sulphur  (P  -  Sulphur  or  prismatic) 

(2)  Amorphous  Form:  \ 

(iii)  Plastic  Sulphur  (y- Sulphur)  v 

(i)  Rhombic  Sulphur  (cc  -  Sulphur): 

It  is  the  most  stable  crystalline  form  of  sulphur  at  ordinary'  condition.  Free 
Sulphur  exits  in  nature  as  rhombic  sulphur. 

Properties: 

(1)  It  is  pale-yellow  crystals,  giving  lemon-yellow  powder. 

(2)  Its  melting  point  is  113°C.  - 

(3)  Its  density  is  2.08g/cm3  at  20°C. 

(4)  It  is  stable  at  ordinary  temperature. 

(5)  It  is  insoluble  in  water  but  soluble  in  carbon  disulphide  (CS2).  benzene  (C6H6), 
disulphur  dichloride  or  Sulphur  mono  chloride  (S2CI2).  etc. 

Preparation: 

Rhombic  Sulphur  is  prepared  by  slow  evaporation  of  the  solution  of 
ordinary  sulphur  in  carbon  disulphide  (CS2).  Now  it  is  filtered  first  to  remove 
insoluble  impurities  present  in  sulphur.  The  filterate  on  slow  evaporation 
produces  octahedral  crystals  of  rhombic  sulphur. 

Structure: 

Rhombic  Sulphur  consists  of  eight  S  atoms.  These  8  sulphur  atoms  bonded 
to  each  other  through  single  covalent  bond.  The  shape  of  rhombic  sulphur  is 
siven  below: 
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(2) 

(3) 

(4) 
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•  '  IX-Chemistry,  Chapter#  14.  Page#  4 

(ii)  Monoclinic  Sulphur  (p  or.  Prismatic  Sulphur): 

Monochmc  Sulphur  is  another  crystalline  form  of  sulphur  t  ' 

Properties:  .  _  . 4 

It  is  dark  yellow  transparent  needle-like  crystals.  On  standing  the  crystals  become 
opaque,  brittle  and  lemon  yellow  in  colour. 

Its  meitirif?  nninr ’>  1 10°^ 

Its  density  is  1.96  g/cm3.'  ’  ,  -/*■■■ 

It  is  stable  between  96  to  119«C  and  hence  it  changes  slowly  to' rhombic  sulphur 
at  ordinary  temperature.-  ‘ 

It  is  insoluble  in  water  but  soluble  in  carbon  disulphide  (CS2\  benzene  (CfJtfA 
disulphur  dichloride  or  sulphur  mono  chloride  (S2C12).  The  transformation  of 
monochmc  sulphur  ic  rhombic  sulphur  is  reversible  and  can  be  described  as;  ‘ 

Rhombic  sulphur  ~  —  Monoclinic  sulphur  '  •  .i;y  '  ’ 

stable  B4!°W  r°C’  *e  rh°mbiC  SU‘phUr  is  Stallle  and  above  96°C’  mon°climc  sulphur  is 
stable.  Thus  the  temperature  at  which  both  chstalline  forms  coexist  in  equilibrium  is 

called  transition  temperature.  The  transition  temperature  of  sulphur  is  96°C. '  •  .  .  •  *  V- 

Preparation: 

Monoclinic  sulphur  is  obtained  by  slow  coolina 
molten  sulphur  until  a  crust  is  formed  on  the  surface  of  the 
molten  sulphur.  Make  wo  holes  through  the  crust  and  pom- 
out  the  remaining  molten  sulphur.  On  removing  the  crust  the 
long  needle  shaped  crystals  of  monoclinic  sulphur  are 
formed  on  the  sides  of  the  dish.' 

Structure: 


s 


the  ,1  M0I10CfI2!iC  SUlphUr  aIs0  consists  of  ^  sujphur  atoms.  The  only  difference  is 
the  Shapes  of  the  crystals.  The  monoclinic  sulphur,  the  Ss  molecule  unite  together  to 
give  long  needle-shaped  crystals. 

(iii)  Plastic  Sulphur  (y  -  Sulphur): 

Plasdc  sulphur  is  a  super  cooled  form  of  sulphur. 

It  is  the  amorphous  form  of  sulphur. 

When  ordinary-  sulphur  is  heated  carefully  upto  its 
boiling  point  about  444.6°C  and  then  the  molten,  sulphur  is 
poured  into  veiy  cold  water  thus  a  soft  rubber  like  mass  is 
ootamed  which  looks  like  plastic  material.  1;  is  unstable 
ana  reverts  to  rhombic  sulphur  on  standing.  I:  has  zig-zas 
arrangements  of  sulphur  atoms. 
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Sulphur  is  non-metal  and  makes  up  about  0.1%  of  the  earth’s  crust.  It  is  found  in 
the  Free  State  in  Sicily,  Mexico  and  USAHh  USA  large  deposits  of  sulphur  are  found  in 
.Louisiana  and  Texas.  It  is  also  found  in  the  Free  State  in  Japan  and  New  Zealand.  In  the 
combined  state,  it  is  largely  found  as  sulphates  of  mangnesium.  calcium  and  barium.  In 
Pakistan  some  deposits  of  sulphur  occur  in  Koh-i-Suleman  and  in  Kalat 

In  addition  to  this,  sulnhur-is  an  essential  constituent  of  'manv  organic  substances 


.  i  i 
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EXTRACTION  OF  SULPHUR  (FRASCH  PROCESS): 
INTRODUCTION: 

Free  Sulphur  deposits  are  found  more  than  200  meters  below  the  surface  of  the 
earth.  About  60-70%  sulphur  occurs  deep  below  the  earth’s  surface.  For  this,  reason 
sulphur  can  not  be  dug  out  directly  by  ordinary  mining.  An  .American  engineer  Herman 
Frasch  developed  a  process  for  the  extraction  of  sulphur.  This  process  is  known  as 
Frasch  process. 


CONSTRUCTION: 

v  '  In  this  process,  a  hole  about  30cm  in  diameter  is 
drilled  through  the  soil  layers  to  the  sulphur  bed.  Three 
concentric  iron  pipes  are  sunk  into  the  bore  or  hole. 
The  outer  most  pipe  (15  cm  diameter)  is  sunk  lip  to 
the  deposits  and  the  next  inner  pipe  (10  cm  diameter) 
is  held  a  little  above  the  surface  of  the  sulphur  deposits. 
Finally  3rd  inner  most  pipe  (5cm  diameter)  inserted. 

PROCESS  /  WORKING: 

Outer  Most  Pipe  (1  5  cm  diameter): 

Super  heated  water  at  about  170oC  and  100 
atmospheric  pressure  is  forced  through  this  pipe  to  the 
sulphur  bed  to  melt  sulphur  (m.p  =  113°C). 


V 


Water. 


Sulpnur 


..Water 


I— Sulpnur 


Inner  Pipe  (10  cm  diameter): 

This  pipe  prevents  solidifying  the  molten  sulphur  by 
high  temperature  which  is  maintained  by  the 
super-heated  water. 

Inner  Most  Pipe  (5  cm  diameter): 

Hot  and  compressed  air  at  a  pressure  of  15  atm  is 
flown  down  to  force  the  molten  sulphur  up  to  the 
surface  through  this  pipe. 

The  molten  sulphur  is  continuously  pumped  out  from  the  same  process  and  store 
in  the  large  wooden  tanks.  The  sulphur  obtained  is  about  99.5%  pure. 


Hot  compressed 
air  and  super 
r.eated  water 
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PROPERTIES  of  SULPHUR: 

Physical  properties: 

(1)  '  Sulphur  is  a  pale  yellow  solid. 

(2)  It  is  a  non-metal.  It  is  bad  conductor  of  hear  and  electricity. 

(3)  It  is  insoluble  in  water  but  soluble  in  carbon  disulphide  (CS2),  benzene  (C6H6) 

disulphur  dichloride  or  Sulphur  mono  chloride  (S2Ch). 

(4)  'It  melts  at  a  temperature  between  lH°r  r0  1 i q°r 

about444°C  ^  uic  ^xuperaiure  increases.  xts  ooijing  point  is 

Chemical  properties: 

(1)  Reactions  with  Metals: 

Sulphur  combines  with  many  metals  directly  to  form  their  respective  sulphides. 
“  mT]S  sodlum’  Potassium  may  even  react  with  sulphur  spontaneously 

without  much  more  heaono  when  both  are  in  finely  divided  form.  ' 

•  0)  2Cu(s)  _sw  h£at 

\  (“)  f4)  *  S(s)  -Jlggl 
(ui)  •  2Na^s)_  S,  •  heat 


J(S) 


Cu2  S(S) 

(Cuprous  sulphide) 

FeS(s) 

(Ferrous  sulphide) 

Na2S(S) 

(Sodium  sulphide) 

so 


'2(g) 


Many  non-metals  react  with  sulphur  at  different  conditions: 

(a)  With  Oxygen: 

Sulphur  bums  in  oxygen  (air)  with  a  bright  blue  flame  to  form  sulphur  dioxide. 

-  •  S(5)  +  02  (g)  — Ignition 

(b)  With  Hydrogen: 

At  600°C.  sulphur  combines  with  hydrogen  slowly  to  form  hydrogen  sulphides 

(  gas-  ^  reaction  is  more  rapid  if  hydrogen  is  bubbled  through  molten 
sulphur.  ~ 

Haw  +  S(s)  -^-QQCC  >  H;S(s) 

(c)  With  Carbon: 

Sulphur  combines  with  coke  in  ■  electric  furnace  to  form  colourless  liquid. 
ca,bra  disulphide  (CS2).  This  vapourizes  readily  forming  poisonous  and 
•  highly  inflammable  fumes.  CS2  is  used  as  solvent  for  waxes,  gums  and  sulphur. 

Eleeiric  fumace 


-fs) 


+ 


->  CS2  ,i) 

(d)  With  Chlorine: 

Sulphur  combines  with  chlorine  on  heating  to  high  temperature,  forming 

nisllmnnr  nir  _ _t  i  ° 


.  - -  xxvuiiUS.  LU  1 J 

disulphur  dichloride  or  sulphur  mono  chloride  (S2C12). 

2S,_.  _  _ high  lempe^mre 


(51 


^2  IS! 


->  S:Cl2(n 
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ur 

K 

(e)  With  Fluorine: 

-a-  -- 

1— 

Z 

UJ 

Sulphur  combines  with  fluorine  on  heating  to  form  sulphur'hexa  fluoride  (SF*») 

> 

0 

u 

wJ 

< 

•  .  .  .  S(s)  3F2(S)  .  Hal  >  SF6(])  ^  ‘ 

0 

> 

•  y 

3,  Reaction  with  Acids: 

0 

m 

< 

tr 

Sulphur  is  readily  oxidized  when  warmed  with  concentrated  Sulphuric  acid  to 

z 
— 1 

33 

•s 

produce  SOi  gas  and  also  with  concentrated  nitric  acid  to  produce  NOV gas. 

m 

0 

r** 

0)  S(s)+  2H2SO4  (cone)  — 3S02(e)  +  2H2O0) 

03 

CD 

O 

-^(5)  ~  OrliNUj  (cone)  - - — >  U2^U;n q)  ~  yjj  ~  —iTl^U  (|j 

Ol 

O 

z 

2‘ 

O 

w 

03 

Uses  of  Sulphur; 

ro 

0 

o> 

03 

(1)  Sulphur  is  used  in.  the  manufacture  of  Sulphuric  acid,  sulphur  dioxide  and 

--i 

0 

carbon  disulphide. 

0 

UJ 

a 

(2)  It  is  used  for  the  manufacture  of  calcium  and  magnesium  hydrogen  sulphide. 

-0 

Z 

z 

UJ 

(3)  It  is  used  for  bleaching  wood-pulp. 

Q 

< 

(4)  Sulphur  is  used  in  vulcanizing  rubber. 

> 

r* 

! — 
u 
< 

(5)  It  is  used  for  disinfecting  houses.  It  also  helps  to  kill  the  fungi  and  insects. 

n 

m 

z 

— H 

CL 

0 

SULPHURIC  ACID  (H2SO4): 

m 

0 

N- 

o\ 

Sulphuric  acid  is  one  of  the  most  important  chemical  compounds.  It  is  also  called 

m 

03 

C3 

king  of  chemicals  or  oil  of  vitriol.  It  is  commonly  used  in  the  laboratory'  and  in 

03 

0 

o 

rv 

Z 

o 

industries  in  many  processes.  - 

z 

JO  . 

C2 

03 

03 

UJ 

03 

Industrial  Preparation  of  Sulphuric  Acid: 

N3 

O 

-J 

0 

On  the  large  scale  Sulphuric  acid  is  manufactured  by  the  Contact  process. 

0 

c c 

h- 

The  Contact  Process: 

z 

> 

•2 

UJ 

o 

This  method  was  developed  in  permany  in  the  early  19,h  century  but  came  into 

-i 

0 

.< 

operation  from  1912.  The  details  are  given  below: 

> 

!- 

H 

U 

Step#  1: 

m 

2 

< 

a: 

S02  is  produced  mainly  by  burning  sulphur  in  dry  air  or  iron  pyrite  in  pvrite 

z 

m 

3 

.  burners.  The  S02  which  is  produced  is  impure. 

0 

I— 

O 

S<s)  •  Osts) 

03 

m 

03 

CD 

O 

4FeS3w+I102(i> - *2Fe203l$,-**  SS02(g) 

O 

z 

z 

O 

Step#  2: 

O 

£T. 

03 

03 

Impure  S02  and  air  is  passed  through  different  chambers  so  that  these  gases 

C3 

V) 

become  purified.  The  solid  panicles  settle  down  in  the  dust  chamber.  Now  SO-  is 

-L 

s 

passed  through  the  washing  chamber.  Here  steam  is  injected  from  the  top  of  the 

B 

UJ 

c 

chamber.  Solid  particles  are  settled  down.  The  moist  mixture  of  SO-  and  air  is 

z 

> 

z 

UJ 

passed  through  the  drying  towers  in  which  concentrated  H2SOj  is  sprayed  from 

n 

H 

u 

< 

o 

H 

the  top  so  that  water  vapours  are  removed  from  the  mixture. 

O 

> 

r~ 

0 

m 

< 

tr 

TP  TR-  A-  (P  •  CllR  "M-T  TR  TR 

z 

S 

1L  JJL  V  Jia L  JJL  JI.  xTLIJ  '  — nar*  ilr V-  JL-/ 
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Step#  3z  '  .  v  -  .  -r  ;  .-••  •  .  =  :  *  -wc  ::j>. 

This  washed  dried  and  purified  mixture  of  SCLand  air  is  passed  throuSv  contact 
tower  i.e.  catalytic,  chamber.  In  this  tower  S02is  oxidized  to  SO,  in  ^presence 
of  catalyst  vanadium  pent*  oxide  (V,05 ) .  .The  reaction  occurs  as:  '  li 


-S02W  +  <X 


2S03  ;AH=  -197KJ/mol. 


exothen™c  so  some  optimum  conditions-  arif 

xcep#  4:  v\  ...  .  *  -•>  — •  • 

The  sulphur  trioxide  (SOJ.is  absorbed  in  concentrated  Sulphurib  acid  which  -j 

P^°duces  a  very  thick  liquid  called  oleum  (Tyro-Sulphuric  acid)  in  the 
absorption  tower,  (S03  is  less  soluble  in  water).  “  .  .  >  •  ; 

■  H2s2o7(f  .  -V. 

Step#  5:  ^  . 

of  co“ ,“^th  aPPr°Pri'aW  “  0f  «  *«  SulpWnc  acid 


of  desired  concentration. 

-  H:S207(aql-fH20m 


2H,SO. 


Sulphuric  acid  obtain  by  the  contact  process  is  about  100%  pure. 


PRE-HEATER 


TESTING  BOX 


PYRfTE 

SURNSR5  SCb-AIR 


CONC 
_  HjSO. 


it. 


WASTE  GASES 
APSORPTION 


'  DUST 
CHAMBER 


SCRUBBER 


CONVERTER 


ARSENIC 

PURiFER 


ACID  PROOF 
FLINT 
OLEUM 


Physical  Properties: 

(1)  Pure  Sulphuric  acid  is  colourless,  odorless,  viscous  oil  like  liquid,  often 

known  as  oil  of  vitriol.  M 

(2)  .  Its  melting  point,  is  10.5°C  while  its  boiling  point  is  338°C 

(3)  Concentrated  H;SOj(9S.3%)  has  specific'  gratdty  about  1.84.  while  dilute  65% 
Sulphuric  acid  has  specific  gravity  about  1 .55. 

W  ’S  fayfosc°Pic.  “  il  absorbs  water  vapours  from  the 

surroundings  and  becomes  dilute.  It  is  therefore  used  as  drying  agent. 

PRACTICAL  CEHTT^' 

B-14,  BLOCK-1.  G ULSHaN-E-I Q B AL  KARACHI.  ®:  34976530-34812547-34984762  B 


228 


PRACTICAL  CENTRE  ,  SESSIpN  20?6.20lV  0  PRACTICAL  CE^RE  0  SESSION  2016-20i7  0  PRACTICAL  CENTRE  0  SESSION  2016-2017  0  PRACTICAL  CEN‘ RE 


Practical  centre  0  session  201 6-2017  0  practical  centre  id  session  3016-2017  a  pR^cti^AL  centre  ’  a  session  201  gr2D  0 ,  practical  centre 


0 


IX-Chemistry,  Chapter  #  14,  Page*  9 


Chemical  Properties: 

C-;" ,  Sulphuric  acid /behaves  in  three  different  ways:  '  ‘ 

(1)  as  an  acid, . ....  (2)  as  an  oxidizing  agent  ;  (3)  as  drying  or  dehydrating  a  sent 


As  an  Acid: 

Sulphuric  acid  is  a  strong  dibasic  acid  and  ionizes  in  water  in  two  stages. 


i?),-  #2°oV 


HSG-  -HA,;- 


H3G-(3q)  -r  HSG4 

Hydronium  ioa '  .  Hydrogen  sulphate  jon- 

SO:"  \  • 

Sulphate  ign 


. .  Sulphuric  acid  reacts  with  alkalis  (bases)  to  give  two  types  .of  salts:  hydrogen 
.  sulphate  and  sulphate. 


(1)  ;  NaOH.^  +  H,SOw 


KaHSO^^NaOH,.,, 


■>  NaHSO^j-r  H,0„> 

(Sodium  hydrogen  sulphate) 

Na2SO^tH2Oni. 


(2) 

■_e  ‘  ‘  (Sodium  sulphate) 

Sulphuric_  acids  also  react  with  metal  oxides  (basic  oxides)  like  MgO  to  from 
salt  and  water.  •  ' A'  .  .  - 


->MgS04(sq):-rH20(i) 


0) 


^*9|5).T  ^2^^4|aq) 


dilute 


FeSO„  ,+  H, 


S(aq)  ’  **2(g) 

00-  ~\llsl '+  3H  jS04OQI  — AU(SOJ3„„  +  3H,,s, 

Hot  concentrated  Sulphur  acid  oxidizes  some  metal  to  their  sulphates  liberating  SO;  gas. 


Cu,sl  -  2H.SOJlii)l 


Pb„,+2H.SO*w 

2Al!s,-6H;SOill,] 


CuSOJll()  +SO-lt,  +  2H.O(1, 


PbS0^+S0^,2H;0,„ 
^  AKCSO-k,, ,+3SO„s,+  6H;0, 


Reactive  metal  with  concentrated  H2S04  form  different  products.  Zinc  reacts 
with  90%  concentrated  H.SO.  to  liberate  H.S  gas.  • 


4Zn„>  “T*  5H2S04(aq, 


4ZnSOJ(s;  +  H.S  .  -  4H;On 
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a 


,  MgO;s)+H2S04uq)-^- 

(2)  As  an  Oxidizing  Agent:  ’  ' 

j';,  •  Sulphuric. acid  acts  as. oxidizing  agent.  The'  oxidizing  properties  of  H,SO.  depend 

upon  (i)  concentration  of  the  acid  (ii)  nature  of  the  metal  or  reducing  agent  (iii)  • 
temperature-.  *  * 


Reaction  with  Metals: 

•  •  Less  electropositive  metal  like  Zn.  Fe.  A /  react  with,  dilute  Sulphuric  to  liberate 
H2 gas  and  forming  their  Sulphates.-  :  - 


s 
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a 


Reaction  with  Non-Metals: 

•  .Hot  and  concentrated  Sulphuric  acid  oxidizes 


into  their  oxides. 


IX-Chemistry,  Chapter#-! 4,  Page#  10 


some  non-metals  like  C.  S  and  P 


c°> :  2H-so«~--)  Hoi  *  co2w  +  2SQ2t^m2om- 


-si 


2Pm+3H,SO 


■kconc)  Hot  ^  2H3P04faq)  +  3S02(g) 


Reaction  with  Compounds:.. 


Concentrated  Sulphuric  acid  oxidizes  hydrogen  sulphide  (H2S)  to  sulphur  and  HI 
is  oxidized  to  vapours  of  !-> 


<aq> 


+  SOw  - 

->  SK)  +  S03lsl  +  2H,0,n  : 

+  HjSO^  - 

- ^I7tS)  +  S02(I)rf2H.O(,) 

(3)  As  Drying  or  Dehydrating  Agent: 

The  hot  and  concentrated  H,S04  acts  as  powerful  drying  or  dehydratina  aoent 
removes  water  from  the  compounds  like  sugar,  ethanol,  formic  acid,  oxalic  add' etc 
The  process  of  removing  water  from  a  compound  is  called  dehvdration  and  the 
compound  which. can  remove  water  is  called  dehydrating  agent 


cijhsO,i(„  — ^;s°-  *  12C,„  +  HH.O,,, 

Charred  Mass 


Sugar 


CH3-  CH,-OH(ll  ch:=ch3(s)+  hA„ 


Ethanol 


Ethene 


HCOOHji,  -aw  >  COtt,-E  H,0(„ 

Formic  add 


COOH 

COOH 


C0nc.H-.SO,  r--r-\  ,  __ 

>■)  - ^CO^TCO^+H.O 


(1) 


Ifj 


Oxalic  acid 


CuSO,.5H,Olsl 

Biue  (hydrate) 


cone. H. SO 


->  CuSOj,^  +  oH-O^, 

White  (anhydrous) 
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Uses  of  Sulphuric  Acid: 


•  '  Sulphuric  acid  is  the  most  important  chemical  (compound)  and  is  extensively 
used  in  industries.  The  progress  and  the  prosperity  of  any  nation  can  be  estimated  in 
terms  of  the  amounts  of  sulphuric  acid  consumed  annually.  It  is  therefore,  barometer  of 
industrial  and  economical  progress  of  a  country. 

Important  uses  of  H2SO4: 

(1)  It  is  used  for  refining  of  petroleum. 

(2)  It  is  also  used  as  an  oxidizing  agent. 

(3)  It  is  used  as  the.dehydrating  (drying)  agent 

(4)  It  is  used  in  the  manufacture  of  paints  and  pigments. 

(5)  It  is  used  in  the  motor  car  batteries  and  lead  accumulators. 

(6)  It  is  used  in  the  pickling  (cleaning)  the  metals  for  electrolysis. 

(7)  It  is  used  in  the  manufacture  of  Rayon,  paper,  plastics  and  detergents. 

(8)  It  is  used  in  the  making  cellulose  film  and  all  kinds  of  man-made  fabrics. ' 

(9)  It  is  used  in  the  manufacture  of  fertilizers;  about  one  quarter  of  sulphric  acid 
produced  in  the  world  is  consumed  for  the  production  of  two  main  fertilizer; 
dihydrogen  calcium  phosphate  {super  phosphate)  Ca^POAi  and  ammonium 
sulphate  (NHOi  S04. 


j'hcttlfcH'PHIKtlllBHi  PHttWflAJ 

6-  Shop  #  C,  BS4/1 .  Asif 
■iRB.  Area,  Block-1 ,  Near  Usman 
WMemoriai  Hospital,  Karachi 
'0315-6290802  /  0321-2622769 


fam-mms-t  mmm 

^  Shop  *s,  BS4/1,  Asif  Centre 
.F.B.  Area,  Block-1,  Near  Usman 

C’le  Hospital'  Karachi  , 
—  .5-0290802  /  0321-2622769 
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w  EXERCISE 

(1)  Fill  in  the  blanks. 

(i)  Rhombic  sulphur  is  the  most  stable  form  of  sulphur. 

Cii)  Monocl  ’tnc  - - 11-,  j;r., 

(iii)  CS2  is  a  good  solvent  for  sulphur. 

(rv)  The  melting  point  of  monoclinic  sulphur  \sJ19°C. 

(V)  Pure  sulphuric  acid  on  large  scale  is  manufactured  by  the  cnntnr,  process 
(vi)  Phosphorous  with  hot  concentrated  H,SO<  oxidizes  to  phosoharir  nri* 

(vn)  Ethene  gas  evolves  when  Ethanol  is  dehydrated  by  hot  concentrated  H,SO„' 

(2)  Tick  true  or  false  for  the  following  statements: 

(i)  Plastic  sulphur  is  hard. 

fFJ 

(ii)  Monoclinic  sulphur  is  stable  above  96°C.  ^ 

(m)  SulPh“  extracted  by  the  direct  mining  from  the  earth’s  deposits.  [F] 

(IV)  Concentrated  sulphuric  acid  has' greater  affinity  for  water.  [X] 

(v)  Concentrated  sulphuric  acid  reduces  to  SO,  when  acts  as  oxidizing  agent.  [T] 

(vi)  It  the  manufacture  of  sulphuric  acid,  SO,  is  directly  dissolved  in  water  [F] 
to  produce  oleum. 

•  (VU)  Concentrated  H,SO,  removes  water  from  sugar  to  leave  charred  mass.  [T] 

(3)  Pick  up  the  correct  answer: 

(■)  The  formula  of  iron  pyrite  for  getting  SO,  from  pyrite  burner  is: 

(a)  FeS  (b)  Fe,S,  (c)  FeS,  (d)  Fe,S, 

(ii)  The  non  crystalline  from  of  sulphur  is 

(a)  Plastic  sulphur  (b)  Rhorabic  su!phur 

(c)  Monoclinic  sulphur  (d)  Ordinaty  sulphur 
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s . 

■a 

Ui 

a. 

H- 

(ill)  The  specific  gravity  of  98 3%  concentrated  H2SO4  is: 

2 

UI 

a 

:  (a)  1-5  (b)  1.84  -  (c)  1.80  (d)  1.91 

> 

ci 

< 

a 

H- 

U 

'  (iv)  The  density  of  rhombic  sulphur  is: 

> 

r~ 

n 

m 

a 

a. 

Tt 

(a)  1.96  (b)  1.92  (c)  2.4  (d)  2.08 

2 

-i 

33 

m 

r^- 

o 

rLhomcic  suipnur  nas  strucnirc  of  shape: 

era 

a 

o 

w 

(a)  Square  planar  (b)  Octahedral 

era 

cn 

O 

2 

2 

O 

w 

CO  . 

(c)  Tetrahedral  (d)  Prismatic 

rj 

o 

07 

CO 

0 

(>i)  The  Optimum  condition  of  temperature  for  the  maximum  yield  of  S03in 

o 

0 

UJ 

a 

H 

2 

‘  Contact  process  is: 

-o 

33 

> 

U 

_l 

< 

u 

(a)  350°C  (b)  450°C  <c)  1700°C  (d)  900°C 

k 

H 

O 

< 

•  (vii)  Sulphur  bums  in  oxygen  with  blue  flame  to  produce: 

m 

2 

-H 

CL* 

0 

(a)  S03  (b)  H2S  (c)  S;C12  (d)  SO; 

3J 

m 

0 

f— 

O 

rsi 

(4)  (a)  What  is  allotropy?  Describe  different  allotropic  forms  of  sulphur. 

cn 

m 

Cfl 

cn 

a 

CM 

2 

Answer  on  page  #  3 

O 

2 

|NJ 

o 

to 

to 

UJ 

(b)  What  is  plastic  sulphur?  Why  is  it  elastic? 

c> 

Iv) 

o 

0 

LU 

cc 

Answer  on  page  #  4  Plastic  sulphur  is  elastic  because  it  is  soft  and 

0 

h* 

2 

UJ 

rubber  like  when  obtained.  * 

> 

n 

-i 

u 

< 

o 

(c)  What  is  the  action  of  sulphur  on  heating  with? 

a 

> 

r~ 

o 

1— 

a 

< 

(i)  Cu  (ii)  C  (iii)  Cl2  (iv)  Na 

m 

2 

-i 

33 

0 

Answer  on  page  #  6  and  7 

0 

o 

CVI 

O 

(d)  Given  four  uses  of  sulphur. 

m 

era 

in 

O 

CM 

2 

o 

Answer  on  page  #  7 

2 

N) 

O 

Cl 

CO 

IU 

to 

(5)  (a)  Describe  and  explain,  how  sulphur  is  extracted  from  underground  deposits 

IV) 

CS 

0 

. 

0 

UJ 

cc 

h~ 

by  Frasch  process. 

33 

33 

> 

UJ 

u 

_1 

< 

g 

H 

Answer  on  page  #  5 

n 

> 

r~ 

n 

m 

< 

VC 

a. 
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(b)  Complete  the  following  reactions  with  balanced  equations.'  ,  V  X - 


(i)  FeS,(s)  +  O2 


is) 


(H)  Fe,„  + 


<7  rT  -r 


J(s} 


(iv)  S(s,+HN03,_, 

(v)  so3(e)  +  h,'so 


Hot 


4(conc) 


Hot 


Page  #  7 
Page  #  6 

Page  #  7 
Page  #  8 


u  2  “  “  rn 
~  g  'KoS 

si  gSs 

^  S'  -  or  -O 
cn  CD  "  E2 

0  ^  o"  5?  =a: 

N>  O  n  $ 


UJ  J 

*■»  “  2-  >  E2<=> 

r  '  «  2.  -o 

M  X  ■»  | 

O’  a  -1  n 
TvJ  -»  _ _  X  * 

nj  a  c  ®  — < 
-sj  0  in  2.  <=> 

ct>  3  -»  Oo 
10  ■  £j  n>  —i 

3  " 


(6)  (a)  Discuss  various  stage  in  the  manufacture  of  sulphuric  acid  by  the  Contact 
process,  given  equation  of  the  reactions  involved. 

What  is  the  catalyst  used  in  the  process?  ^ 

Answer  on  page  #  7  and  8  ‘  .  * 

(b)  Explain  why  S02  is  purified  before  it  is  passed  into  the  Contact  tower  for 

its  oxidation  to  S03.  * 

Answer  on  page  #  7  in  Step  #  2 

(c)  Show  that  sulphuric  acid  acts  as: 

(i)  Oxidizing  agent  (ij)  Dehydration. 

Answer  on  page  #  9  and  10 

(d)  With  die  help  of  equation,  describe  the  action  of  concentrated  sulphuric  acid  on: 

(i)  A /  metal  (ij)  q 

(lu)  Cj.HtA,  (iv)  Blue  CuS04.5H20. 

(e)  Give  the  importance  of  sulphuric  acid  and  its  uses. 

Answer  on  page#  11 
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IX^Chemistry^ Chapter#  IS,  Page  #3  - 


INTRODUCTION: 

'  -  Ha]^eiis  are  the :  elements  of  VH-A  group,  of,  the  periodic  -table’  This  sroap 

consists  of  Fluorine  (F);  -Chlorine  (Cl),  Bromine-  TBr\  -Iodine" 01  and  AstatmeP  A tV 

O  >  ,  -  -  -T  J  -  -  i-iOlil  sJiowJV  |_'iU  •  (.ij-1  >  l 

f  (Hr°  ^  Salt  Gene  means  Producing),  because  these  elements 
•combine  with. metals  toTorm'salt&^ibHit  compounds)^  \A  ,  T* 

REACTIVITY:  '  A*.  '  '  A* 

Halogens  are  the  most  reactive  group  of  non-metals.  These 'are  strong  bxidizin* 

agents.  Oxidizing  power  decreases  froroF,  to  12.  Halogens  exist  as  diatomic  molecules 
r2 ,  Cl2,Br2  and  I2. 

STATES:  -  * 

Fluorine  and  chlorine  arb  gases,  F2  is  pale  yellow  sas  and  C/2  is  greenish  vellow 
gas  or  pale  green  Bromine  (Br\j  is  a  volatile  reddish  brown  liquid.'  Iodine  (I2)  is  shiny 
black  solid  that  sublimes  readily  giving  violet  vapors.  -  '  • 


I _ Element 

1  Atomic  number 


FIuorinefF:)  |  Chiorine(Ch)  |  Bromine(Bn)  |  Iodine  fl2) 
17.  -v  -  I  ‘  35  I  '  53 


2.8,18,7  .2,8:18,18.7 


_  Pale  veflow 

— - — . . .  -  -  - C - -  ssi\j  W11  JJIdLA, 

—  StaIeat20°C _ Gas  Gas  p  Liquid  Solid 

Electro  negativin' _ TO  ill  '  p  Pg  '  “TT~ - ” 

Melting  point  (°Q  '  .  -220  .  IToi  ~~j  - - ff3 

j_  Boiling  point  (°C)  ri88  -35  '  59  L~ - - 

_  Atomic  size  (A°)  Q,71  0,99  |'  U4  - - ^33 - 

__Jonicsize  (A°) _ 1.33  '  ~  1,81-  P^6  r - 120 -  ' 

Bond  energy  T  ■  '  T  -  •  -  -  • - : - - - 

’  _  (KJ/rooi)  155~  242  •  193  '-  ...  151 

•  Electron  affinity  ~  '  '  77—-  : - 

'  OCJ/mol)  •  ~328--  -349  . .  * -325  -295 

OCCURRENCE  OR  SOURCES: 

The  halogens  are  so  reactive  so  they  can  not  exist  in  the  Free  State  in  nature. 

Fluorine  occurs  in  the  minerals,  the  compounds  of  fluorine,  are:  * 

Fluorspar  (CaF2),  Cryolite  (Na3AlF6)  and  Fluorapatite  3Ca3  (P04)2  CaF2 

-  rxTCrAn°e  ^.a^oa6a°t  in  oceans  a*d  salt  deposits  as  Sodium  Chloride  i.e,  rock 
salt  (.rsac/j.  each  kilogram  of  sea  water  contains  about  30g  of  NaCl  (3%).  The  lar^e  salt 
deposits  in  Pakistan  at  Khewra  near  Jhelum.  • 

Bromine  is  less  abundant  and  is  found  as  bromide  (Br)  of  Na  and  K  in  sea  water, 
bea  water  contains  very  small  concentration  of  bromide  (70  ppm  bv  mass),  however  this 
amount  is  still  possible  for  its  extraction.  -  -  ~  ' 


Pale  green 
Gas 
3.0  ' 

-101 
-35 
0.99 
1.81- 


Reddisb  brown 
Liquid 
2.8 
-  •  -7 
59 

,  1.14 

1.96 


Black- 

Solid 

2.5 

113 

183 

1.33 

2.20 
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eVen  |ess  abundant  than  brominei;:S^ 

(  05  ppm  by  mass).  Iodine  is  also  present  as  so  dlurii- iodide  (Nal):  in  certain  oil-wells 
and  also  as  sodium  iodate^(NaI03)5  found  along- with  Chile_salt Peter  (NaN03) ;  4 '  " 

Astatine  does  not  occtir  natur^ly.  It  is  very  unstable  radioactive  element,  • 

IMPORTANCE  OF  HALOGENS  IN  DAILY  LIFE: 

••  •  Except  chlorine,  the  .halogens  have  limited 

uj^uiCiiis-s  *aiu  uomes. 

USES  (APPLICATION  /  IMPORTANCE)  OF  FLUORINE: 

• W  11?°"“, 15  USel‘°  mak£  WMe  rang£  of  fiuoro  cMoro  carbon  compounds  which 

■  fthdT  . refagenlnts’  aer“Ql  Propellants,  anesthetics  and  fire-extinguisher 

(U)  t6t?  flUOr°etheDe>  or  PTFE  la  used  as  electrical  insulator  (wire 

co\  ~rm=s).  It  IS  also  used  to  prepare  non-stick  utensils  and  pans. 

m  Stannous  fluoride  (SnF2)  is-  used  in  tooth  pastes  for  preventing  tooth  decav 
welding^oTef.  (HF)  ^  prbduC£S  temPerature  upto  4000°C~and  is  used  in 

(jv)  Small  quantity  of  fluorine  is  used  in  rocket  propulsion.  ? ’• 

USES  (APPLICATION  /  IMPORTANCE)  OF  CHLORINE: 

Following  are  the  some  common  uses  of  chlorine: 

0)  Chlorine  is  used  extensively  in  the  production  of  dyes,  drags,  explosives,  etc: 

(U)  5asticUSSd  f°r  Pr£parati0n  0f  Pol>'  VW  Chloride  (CH-CHC1),  a  common 

m  l1  is  Uus,ed  in  :he  Preparation  of  D.D.T  (dichloro  diphenyl  trichloro  ethanel  and 

hexachloro  cyclohexane  which  are  effective  pesticides.'  ^ 

(iV)  .  conoMmen  is  “  teaching  the 

(v)  water and d,smf£Clingdraina°es and ™ - 

(vi)  of  warfare  « 

(VU)  *e  manufacture  of  chloroform  (CHC/3),  carbon  terra,  chloride  (CC/„) 

“d  “  ^  P—  °f : 

fasptte  of  its  importance  in  the  daily  life,  chlorine  is  described  as 
be ms  iS  jUS£  beC2USe  0f  itS  camP«™*;  which  are  considered  to 
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USES  (APPLICATION  /  IMPORTANCE)  OF  BROMINE: 

(i)  Bromine  compounds  are  used  in  Pharmaceuticals.  - 

(ji)  Bromine  compounds  are  used  in  dyes,  fumigants  and  pesticides. 

(iii)  Bromine  compounds  -are  also  used  in  fire-extinguishers  and  fire  retardants.  ' 

(iv)  Silver  bromide  (AgBr)  is  used  in  phptograpSc  films,  being  fight  sensitive.  * 

USES  (APPLICATION  /  IMPORTANCE)  OF  IODINE: 

•«\  :/ 


(li)  Iodine  is  used  in  medicine.-and  in  photographic  films  emulsion  (Agl). 

(iu)  Iodide  ion  is  used  in-  thyroid  glands,  a  product  that  is  mainly  NaC /  but  includes  a 

small  quantity  of  Nal  or  KI.v  . 

(iv)  Mixture  of  Iodine  tfeftyl  aliahoi  (Tincture  of  JodineJ  is  used  as  miid  antiseptic 

lor  cuts  and  scratches.  ' 

CHLORINE: 

,  , ,  ™orine  !s  the  se9™d  member  of  halogen  family  i.e.  VHA  sroup  of  the  periodic 
tame.  Chlorine  is  the  most  abundant  member  of  VIIA  group. 

Chlorine  was  discovered  by  Scheeie  a  Swedish  chemist  by  the  action  of 
hydrochloric  acid  on  manganese  dioxide  (MnO,).  The  name  chlorine  to  the  nas  was 
'  suggested  in  1810  by  Sir  Humphry  Davy  from  Greek  word  Chloros  means  pale  ereen 
because  the  colour  of  the  gas  is  pale  green.  We  feel  smell  of  chlorine  in  drinking  water! 
in  swimming  pools,  it  has  slightly  irritating  and  chocking  smell. 

PREPARATION  OF  CHLORINE: 

(1)  IN  THE  LABORATORY: 

™ent  concentrated  hydrochloric  acid  (HO)  is  heated  with  oxidizing  aeent 
(like  MnO:.  KMnO„  or  KC103 )  then  chlorine  gas  ( Ch_ )  is  produced. 

(i)  MnOim  +  4HCl(Conc)  — MnCkn,)  +  2H:0(i)  +  Chw 

In  this  method,  a  mixture  of  Manganese  f=s^!^s  .  ===== .  — » 

dioxide  (Mn02)  and  concentrated  Hydrochloric  r,  ~ 

acid  (HC/)  is  taken  in  round  bottom  flask,  as  -  & 

shown  in  the  figure  fitted  with  a  cork,  .  r  '  Jrrl  Ci2 

containing  a  delivery  mbe.  On  gentle  heating  Mn°2  +  HCI - £  .  ^  t{,T' 

greenish  yellow  chlorine  gas  comes  out  which  q.  ■  t 

is  collected  by  the  upward  displacement  of  ^ 

air  in  a  gas  jar  through  the  delivery  mbe.  M  >  sasss  ^ 

It  is  a  poisonous  gas  so  efficient  t2  - 5  — t 

ventilation  in  the  laboratory  is  necessary.  _____ __ ________ 

(ii)  2KMn04(s)-f  I6HC/(conc)  — >  2KC/(aq)  +  2MnC/2(aq)  +  8H:On)  +  SCfcce) 

In  this  method,  a  mixture  of  Potassium  permanganate  (KMnO.*)  and  concentrated 

y  rochloric  acid  (HC/)  is  -taken  in  the  flask.  On  constant  heating  greenish  yellow 
chlorine  gas  comes  out  from  the  flask. 

(iii)  2NaC/(S)  +  2H2S04{a»c)+  MnOiw - NajSO^*  2HzO(j)  +  C/2<g) 

In  this  method,  a  mixture  of  Sodium  Chloride  (NaC/),  Concentrated  Sulphuric 

acid  (H2S04)  and  Manganese  dioxide  (Mn02)  is  beared  then  greenish  vellow  chlorine 
gas  is  liberated. 
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(2)  IN  THE  INDUSTRY  (COMMERCIAL  /  LARGE  SCALE).* 

sotaio^Fo^h-r^l'"186  Preparedly  the  electrolysis  of  sodium  chloride 

solution.  For  this  purpose  two  diffettamethods  are  used  which  are  described below- 

(i)  FROM  NELSON'S  CELL: 

Construction:^'  |j‘“ 


■  As  doc  to*  lining 

Perforated  steel  cathode 


Aqueous  Nad  solution 


U-shaped  perforated  steel-  vessel,  ^~~j]  j I  -  rresn  NaCI  ‘T 

•v^idi  acts  as  '-  -cathode.  The  :  ^  ff==:_*’H3^ 

graphite -aBode'is  dipped  in  the salt  .  J~  jLj  ^pT- 
.  solution  in  the  middle  of  U-shaped  '  v  \  M  ^  • 

vessel.  The  U-shaped  tank'  is  ■ 

s^arated  from  anode  by  asbestos  •  p:jl| - perforated stwiramode 

lining  or  diaphragm.  -Through  the  • 

asbestos  lining,  the  salt  solution  - Aquaous  Naa  solution 

slowly  flows.  The  U-tube  is  known 
as  anode  compartment  and'  this  • 

U-cube  is  fixed  in  an  outer  ^ jS! ,  „ . 

compartment,  known  as  cathode  ■ 

compartment  ■ 

Working:  ‘  -  • 

.r°”d'  <n"“>  — ■■  » s 

Following  reactions  take  place  in  the  cell: 


f?:  NaOH 


Ionization  reaction: 

2NaC/(S) 


Reaction  at  anode: 


2C/-a 


Reaction  at  cathode: 


2Na+(aq)  -r  2e 

-Na(s)  +  2H2O0) 


2NV(aq) .+  '  2C1~, 


C/2(g)  +  2e 


2Na<s) 


2NaOH(aq)  +  H2(g) 
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(ii)  FROM  CASTNER-KELLNER'S  CELL: 

;  This  cell  is  consisted  of  two  compartments  as  shown  in  the  fionre  The 
compartment  has  mercury  at  the  bottom  .of  die  cell  which 'acts  as  “cathode 
(Saturated  solutton  of  NaCfl  is  poured  inThis  cell  Anodes'  are  titanium  plates  di  " 

the  bnne.  There  is  also  a  lower  compartment  known  as  Soda  cell  or  Denuder  “ 
packed  with  graphite  'Blocks.  •  .  c  "  is 


o-, 


outside  the  anodes.  Na+  ions  .are  discharged  at  cathode  and  form  sodium; 
(a  mixture  of  Sodium  metal  with  Mercury).  .  .. 


Chlorine  (CE) 
iti 


Titanium 
+  anodes 


CELL 
Sodium 
chloride — i 
solution 


‘  Used 

►sodium  chloride 
solution  Hydrogen  (H2) 


Sodiun., 
■►hydro*  :da 
solution 

Denuder 


Mercury 

IHcri 


HjO 


2Na-(aq)+  2C/"(aq) 


^  C/2(g)  +.  2e“ 


*  2Na(s) 

2Na/Hg  (sodium  amalgam) 


Ionization  reaction: ; 

2NaC/(S)  ^ 

Reaction  at  anode: 

2  C/  (aq) 

Reaction  at  cathode: 

■  2Na^(aci)  +  2ew 

2Na<S)  +  2H go) 

Sodium  amalgam  is  then  sent  to  soda  cell  where  it  reacts  with  water  to  produce 
NaOH  solution  and  H;  gas  while  free  mercury -is  recycled  and  then  sent  back  to  the 
upper  cell. 

2Na/Hg(i)  +  2H2O0)  - >  2NaOH(g)  -  2H2(g)  +  2Hga) 

PHYSICAL  PROPERTIES: 

1 .  Chlorine  is  a  greenish  yellow  gas  with  shajp  pungent  (irritating)  smell. 

2.  It  is  2.5  times  heavier  than  air.' 

3.  Its  density  is  3.21 4g/difr  at  S.T.P. 

.  4.  It  boils  at -3 5°C  and  melts  at -101  °C. 

3.  It  is  fairly  soluble  in  water  and  its  solution  in  water  is  called  Chlorine  water. 
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CHEM.1CAI  PROPERTIES  (REACTIONS): 

with  Chlorine  is  a  non-metallic  element.  It'is  chemically  very  reactive  and  combines 
majority  of  the  elements  to  form  binary  compounds,  known  as  Chlorides. 


Reaction  with  Metals: 

Fblorine  reacts  with  all  metals  on  heating  to  form  their  chlorides. 


- 

C  /■>  - 

heal  ^ 

2NaC?A) 

(Sodium  chloride) 

A.U  (s)  ” 

^2  (g) 

- ii— >. 

4nC/2  (S) 

(Zinc  chloride) 

2Fe(s)  + 

3C/2(g)  • 

nest  j 

2FeC/3(S> 

(Ferric  chloride) 

-faction  with  Non-  Metals: 

Chk  .  . 

>rme  reacts  with  non  —  metals  on  beating  to  form  their  chlorides. 


(iii)  R ♦ 


*  2P(s)  + 

3C/2(g)  - 

heat  j 

heat  . 

2PC  lm 

(Phosphorous  trichloride) 

2P(S)  -r 

DL./2(g)  - 

- > 

2PC/5(s) 

(Phosphorous  pentachloride) 

2SW  + 

cfe(t) 

heat  j 

S2C/2(i) 

(Sulphur  monochloride) 

action  with  Hydrogen: 


iorine  reacts  with  hydrogen  in  presence  of  sunlight  to  form  hydro  sen  chloride. 

(iv)  Rt  H.2ls)  t  C/2lfi)  "  SunU'ht  ^  2HC/*> 

^action  with  Sodium  Hydroxide: 

Sodium ien  C^2  2^  is.  passed  through  cold  solution  of  caustic  soda  (NaOH)  then 
hypochlorite  and  sodium  chloride  are  formed. 

C/^)  -r  2NaOH(aq)  — ssa:-  >  NaC/faq)  +  NaC/O  (aq)  +  H20(]) 

Sod*  ^e:n  C-h  gas  is  passed  through  hot  solution  of  caustic  soda  (NaOH)  then 
.ium  chlorate  and  sodium  chloride  are  formed. 

3C/2(g)  -  6NaOH(aq)  — 5NaC/(aq)  +  NaC/Oscq)  “  3H2Om  ’ 

(v)  Reaction  with  Ammonia: 

Chlorine  reacts  with  ammonia  gas  (NH3)  as  a  result  Nitrogen  gas  and  Hydrogen 
chloride  are  formed  and  then  Hydrogen  chloride  reacts  with  excess  of  NH3  to  produce 
white  fumes  of  Ammonium  chloride  (NfL»  C/>. 

(i)  2NH3ts)  +  3C/2(£)  - N:(g)  +  6HC/(g) 

(li)  6NH3(g)  —  6HC/(gj  ^  6NH4  C/(5)  (white  fumes) 

(vi)  Reaction  with  Calcium  Hydroxide  (Lime  Water): 

Chlorine  reacts  with  lime  water  as  a  result  bleaching  powder  (CaOC/2)  is  formed. 
Ca  (OH)2(aq>  +  CI1{£)  - >  Ca(OC0C/(si  +  2H20  • 

(Lime  water)  Calcium  oxychloride  (Bleaching  powder) 

(vii)  Bleaching  Action  (AUTO  OXIDATION-REDUCTION): 

Chlorine  in  the  presence  of  water  acts  as  powerful  oxidizing  as  well  as  bleaching 
agent.  Chlorine  gas  (C/2)  reacts  with  water  and  under  goes  auto  oxidation-reduction 
due  to  the  formation  of  hypochlorous  acid  (HOC/)  and  hydrochloric  acid  (HC/)  with  the 
liberation  of  nascent  oxygen. 

CfctD  +  H20(j)  - >  HC/faq)  -  HOC/(aq) 

HC/0(ac)  - >  HC/jaq)  *r  [0]  Nascent  oxygen 

Chlorine  oxidizes  green  .coloured  Ferrous  chloride  (FeC/2)  to  reddish  brown 
coloured  Ferric  chloride  (FeC/s). 

2FeC/2,aci  +  Cl2[SL)  - >  2FeC  /3(aq) 

(Green)  .  (Reddish  brown) 
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0 


IX-Chemistry,  Chapter#  15,  Page  #9 

(viii)  Substitution  Reaction: 

reaoisS^  "  fr°m  °to  C0mp0unds 

2KBr(aq)-+  CI2&.  - >  2KC/(aq)  -  Br2(1) 

HaSW  +  2HC/(g)  +  S(s)  . 

'  CH3C/(J)  +  H  Cl, 


CH« 


(B) 


Cl 


2(B) 


■hv 


\  !  i*  . 


‘(g) 


0 


reactions covalenI  ““pounds  to  form  addition  products  such 
reactions  are  called  addition  reaction.  .  • 


heat 


heat 


CO  00  +  C/ju 
S02(S)  +  012(g) 

CH2  =  CH1(S)  -  C/2(g> 
Ethene 


COChig)  Carbonyl  chloride  (Phosgene  gas) 
S02C/2(b)  (Sulphury!  chloride) 

C/CH2-CH2C/(g) 

1*  2-dichIoro  ethane  (Vicinal  dlchioride) 


heat 


(t)  HYDROCHLORIC  ACID  (HCI) 

Hydrochloric  acid  is  also  called  acid  of  salt.  It  is  a  mineral  acid. 

Laboratory  preparation: 

SulDhi^ictcid^  9nT’  H*'dr°chloric  acld  is  prepared  by  the  action  of  concentrated 
ouipnilnc  acid  (H2S04)  with  sodium  chloride  (NaC /).  • 


Heat 


NaHS04(*)  +  HCTU) 


-Thistle  funnel 


Iron  stand- 


•  Round  bottom 
flask 


“Delivery  tube 


-Gas  jar 


NaC/(s)  +  H2S04tamc) 

In  this  method,  common  salt 
(NaC/)  ■  is  placed  in  a  round  bottom 
flask,  fitted  with  a  thistle  funnel  and  a 
delivery  tube.  Concentrated  H2S04  is 
added  from  the  thistle  funnel  over 
common  salt.  The  mixture  is  heated 
then  hydrogen  chloride  gas  (HC/)  is 
liberated,  which  is  collected  through  the 
delivery  tube  in  gas  jar  by  the  upward 

displacement  of  air. 

Hydrogen  chloride  gas  (HC/)  is 
highly  soluble  in  water  so  the  aqueous 
solution  of  hydrogen  chloride  gas  is 
called  Hydrochloric  acid. 

Industrial  Preparation: 

hvdro^nt^chf0  3dd  ‘S  corr™ercially  P^ared  by  the  direct  combination  of 
-  °=en  md  chlorme  gas  as  a  result  hydrogen  chloride  gas  is  formed. 

+  C h*>  - >  2HC/(e)  .  AH  =  —  44  KJ/mol 

Hydro^rdnis1Sfo“C  50  ^  hm  ^  ^  "  —  -  a  result 

with  Jeter™01110"0  ^  ^  2180  prepared  by  *e  reaction  of  phosphorous  tri  chloride 


PC/30)  +  3H20(d 


H3P03(3q) 

Phosphorous  acid 


‘  3HC/(g) 

Hydrogen  chloride 


0 
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'  forineiT^  Hydr°g-  chloride  is  mixed  in  water  then  Hydrochloric  acid  is 

PHYSICAL  PROPERTIES: 

®  f  ydyogff  • cUoride  ,is  a  colourless  gas  with  strong  acidic  odour' and  sour  taste  : 

y?  ir  ]s  highly  soluble  in  water  to  ..form  hydrochloric  acid. 

(iii)  It  is  slightly  heavier  than  air.  r  "  -  * 

CHEMICAL 

(i)  Reaction  with  Water: 

Hydrochloric  acid  is  a  strong  acid.  It  is  mono  protic  acidr  lt  Ionizes  in  water  as:  '  • 
Hc;f,„-+  -HiOji)  H30  +  C7-„„ 

,  .  .  Oxonium  or  Hydronium  ion 

(ii)  Reaction  with  Alkalis: 

Hydrochloric  acid  reacts  with  alkalis  (NaOH  solution  or  KOH  solution)  to 
produce  salt  and  water.  This  reaction  is  called  neutralization. 

NaOH(aq)  +  .  HC/laq)  >  NaC/(^)  +  H20(„ 

KOH(aqi  ■+  HC/(aq)  - >  KC/(aq)  +  H20(])  ' 

(iii)  Reaction  with  Ammoniac 

Hydrochloric  acid  reacts  with  ammonia  (NH3)  to  produce  white  fumes  of 
ammonium  chloride  (NH4C/). 

NHb  +  HC7  >  NH4C/  (White  fumes) 

(iv)  Reaction  with  Metals: 

Dilute  Hydrochloric  acidreacts  with  metals  like  Mg,  Zn,  Al,  etc.  then  Hydrogen 
gas  is  liberated  along  with  the  salts.  „ 

Mg(s)  +  2HClw  - ^  MgCAjaq)  +  H2(g). 

Zn<s>  +  2HCW  .  - >  ZnChrt  +  H,uv  . 

2Al(i)  +  .6HC/„„  >  2  A/C/3(„,  +  3H2tsl 

(v)  Reaction  with  Metal  carbonates  and  Metal  bicarbonates: 

Dilute  Hydrochloric  acid  reacts  with  Metal  carbonates  and  bicarbonates  then  CO, 
gaa  is  liberated  along  with  the  salts. 

•Na,C03ls-,  +  2H Clm  - >  2NaC/(aq)  +  CO,(£i  +  H,0(1) 

CaC03(s,  +  2HC/laq,  - >  CaC/,, C02(B)  +  H,Q0) 

NaHC03(s,+  HC7,.,,  »  Na  C/„„  +  CO,(s,  +  H,0<„ 

(vi)  Reaction  with  AgNOs  and  Pb(NOs)z: 

Dilute  Hydrochloric  acid  reacts  with  Silver  nitrate  and  Eead  nitrate  then  their 
white  precipitate  are  iormed.  "  " 

AgNOs^t.  Hc/„„  - ^  AgC7(s).+  .  HN03,^, 

White  precipitate 

Pb(NO;  +  2HC/(1,j  - >  PbC/2(1)  2HN03(aq) 

White  precipitate 


PRACTICAL  CENTRE  ’  SESSION  2016-2017  0  PRACTICAL  CENTRE  0  SESSION  2016-2017  0  PRACTICAL  CENTRE  0  SESSION  2016-2017  0  PRACTICAL  CENTRE 


APPLICATIONS  (USES)  OF  HCI: 


IX-Chemistry,  Chapter#  15,  Page  #11 


® .  for  picUing  o£  ^ md  strf  to  **  ™* 

(ny-  Il  is  used  ih  1116  manufacture  of  dyes,  plastics,  medicine,  rubber,  etc. 

(ui)  It  is  used  as  chemical  reagent  in  the  laboratory. 

(iv)  It  is  used  to  remove  CaC03  deposits  from  sanitary  wares  and  floors.  *' 

iiitiu  s^JrtDcti: 

It  is  a  compound  of  chlorine  with  calcium  and  oxygen.  The  chemical  name  is 
calcium  oxychloride  and  commonly  called  bleaching  powder. 

CaOC/!.r0feSS°r  °dUDg  SUggeSt?d  formula  9f  bleaching  powder  as  Ca(OC/)C/  or 


(i)  Laboratory  Preparation: 


(slakJhm^  ^0Ift0^  blf  chmg  powder  is. prepared  by  the  reaction  of  lime  water 
(Slaked  hme)  or  calcium  hydroxide  Ca(OH)2  with  chlorine.  ' 

Ca(OH)2(aq)  +  C/2(fi)  - >  Ca(OC/)C/(S)  +^H->0(1) 

(H)  Industrial  Preparation:  Bieachmopo.de. 

nlant  onn^lk^,,-bIeaCh1illS,POWder  iS  *******  b*  Hase«  Clever  process.  The 

from  tnn  nf^  T7°n  2  t03  met£r  long-  Slaked  lime  which  is  showered 

from  top  m  the  cylinders  and  chlorine  gas  is  passed -from  the  bottom  of  the  cylinder. 

n  leaching  powder  is  removed  from  the  cylinder. 


H;0(j> 


Ca(OH)2(aq)  H-  C/2(g)  - >  Ca(OC/)C/Cs,  + 

CHEMICAL  PROPERTIES:  ^ 

(i)  Reaction  with  Water: 

Bleaching  powder  is  used  with  water,  and  then  Ch  gas  is  liberated. 

Ca(OC/)C/(S)  +  H2O0)  - >  Ca(OH)2faql  +  Cl2(£) 

(ii)  Reaction  with  Strong  Acids: 

Bleaching  powder  reacts  with  strong  acids  like  HCI  to  liberate  Cl2  gas. 

.  Ca(OCl)C/(s)  +  2HC/(aqi  - CaC/2(aq)  +  C/2(s)  +  H20(n 

(iii)  Reaction  with  Weak  Acids  (HzO  +  CO2  s  HzCOs): 

formecf leaChing  P°Wder  reacts  with  carbonic  acid  then  hjpochlorous  acid  (HOC/)  is 


2Ca(OC/)C/(S)  :  C02{e) -r  H20 - >  CaC05(s)  *r  CaC/2(aq)  -  2HOC/,aq) 

(iv)  Reaction  W'ith  Ammonia: 

Bleaching  powder  reacts  with  ammonia  then  Nj  gas  is  liberated. 

3Ca(OCQC/(5}  +  2NH3(g)  - >  3CaC/2(aq)  +  3H20(n  +  N2(s) 
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(3)  (a) 


(4)  (a) 


(5)  (a) 


(6)  (a) 


(7)  (a) 


.  -.V ‘  ‘  -r.  IX-Chemistry,  Chapter#  T5,  Page#  14 

are  halogens?  Why  are  they -placed  in  YTTA.group  m  the  periodic  table?-  .  - 
Describe  the  state  of  each  member  of  the  family  and  also  their  colours. 
Answer  on  page#  3 

"What  are  .the  sources  of  halogens?  Describe  the  importance  of  CT  Br? 
and  I2  in  our  daily  life.  ‘ 

Answer  on  page#  4  and  5 

How  is  chlorine  prepared  in  the  laboratory? 

*■  ■_  - - ,,  u  - 

Describe  the  commercial  preparation  of  chlorine  by  the  electrolysis  of 
aqueous  NaCI  solution  in  Nelson’s  cell. 

Answer  on  page#  6 

~pp-  when  chlorine  reacts  with:  (i)  2n  (ii)  H2S  (iii)  CO  (iv)  P 
(v)  FeCl2  (vi)  H20.  Give  reactions  and  equations.  ' 

Answer  on  page#  8  and  9 
Discuss  the  uses  of  chlorine. 

Answer  on  page#  5 

Give  the  preparation  of  hydrogen  chloride  (HC/)  in  the  laboratory  bv  the 
action  of  cone.  H2S04  over  common  salt  (NaC 7). 

Answer  on  page#  9 

How  .  does  hydrogen  chloride  manufacture  commercially  by  direct 
combination  of  H2  and  Cl2  gases. 

Answer  on  page#  10 

What  is  the  action  of  hydrochloric  acid  (HC/)  on? 

(i)  NaOH  (ii)  NaHCOs  (iii)  Pb(N03). 

(iv)  Md02  (v)  AgNO? 

Answer  on  page#  10  and  11 

What  is  bleaching  powder?  How  is  it  manufactured  commercially  by 
Hasenclever  process?  Give  the  uses  of  bleaching  powder. 

Answer  on  page#  11  and  12 

What  is  the  action  of  bleaching  powder  over? 

(|)  Water  (ii)  ~  HC/ 

.  (iii)  H2C03  (weak  acid)  (iv)  Ammonia  (NH3) 

Answer  on  page#  11  and  12 

Describe  silver  nitrate  test  for  the  presence  of  C/“ion  in  a  salt  of  chloride 
Give  the  reaction. 

Answer  on  page#  12 
Identify  the  following: 

(i)  A  pale  green  gas  that  dissolves  in  aqueous  NaOH  solution  rive  a 
solunon  used  as  a  bleach.  (Ch  gas) 

(ii)  A  gas  with  pungent  smell,  acidic  taste,  highly  soluble  in  water  to 
ionn  a  strong  acid.  (Cl2  gas) 

(in)  White  amorphous  solid  which  reacts  with  water  to  liberate  chlorine 
gas.  (Bleaching  Powder) 

(iv)  The  deficiency  of  this  leads  to  the  enlargement  of  thyroid  eland. 
(I“ions) 

(v)  A  pale  yellow-  gas.  very  unstable  in  water.  (F2) 

(vi)  A  non-sticking  material,  having  very  low  coefficient  of  heat.  (Teflon)  • 
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~  the  P1Cklin£  °?  ir0D  W Stee'  t0  rem°Ve  ™ 

00  It  is  used  in  the  manufacture  of  dyes,  plastics,  medicine,  rubber,  etc. 

(iii)  It  is  used  as  chemical  reagent  in  the  laboratory. 

(iv)  It  is  used  to  remove  C* CO-  dennrirc  fmm  n 

U)  BLEACHING  POWDER: 

calcium  0TvcW°mH0UndT  of  cUor“e  *itb  calcium  oxygen.  The  chemical  name  is 
calcium  ox\  chloride  and  commonly  called  bleaching  powder. 

CaOCrr°feSS0r  °dlinS  suSS^ted  the  formula  of  bleaching  powder  as  Ca(OC/)C/  or 


(i)  Laboratory  Preparation: 


friakJhWT  lab0If“ry’vl Mfching,  powder  is  prepared  by  the  reaction  of  lime  water 
(slaked  lime)  or  calcium  hydroxide  Ca(OH)2  with  chlorine. 

Ca(OH)2<8q)  +  c/2(s)  - 5-  Ca(OC/)C4S)  +  H-Om 

(H)  Industrial  Preparation:  B,eachi"9  P°wder 

In  the  industry,  bleaching  powder  is  prepared  by  Hasen  Clever  process.  The 
plant  consists  of  four  iron  cylinders  2  to3  meter  long.  Slaked  lime  which  is  showered 
from  top  of  the  cylinders  and  chlorine  gas  is  passed  from  the  bottom  of  the  cvlinder. 
ts leaching  powder  is  removed  from  the  cylinder. 


Ca(OH)2(aq)  +  C/2(g)  - ^  Ca(OC/)C/(S)  +  HiO(h 

CHEMICAL  PROPERTIES:  BleaCHin9 PoWder 

(i)  Reaction  with  Water: 

Bleaching  powder  is  used  with  water,  and  then  Ch  gas  is  liberated. 

Ca(OC/)C/<S)  +  HAi,  - »  Ca(OH)2(aqJ  +  C/2(g) 

(ii)  Reaction  with  Strong  Acids: 

Bleaching  powder  reacts  with  strong  acids  like  HC/  to  liberate  C h  gas. 

Ca(OCl  )C/W  -r  2HC4aqi  - >  CaC/2jaq)  +  C/2(p)  +  H20(1) 

(iii)  Reaction  with  Weak  Acids  (HzO  +  COz  =  HzCOs): 

Bleaching  powder  reacts  with  carbonic  acid  then  hvpochlorous  acid  (HOC/)  is 
iormed.  '  ' 


2Ca(OCAC/(S;  .  C02(g)  +  H20 - >  CaC03(s)  +  CaC /2[aq)  +  2HO C/(aq) 

(rv)  Reaction  with  Ammonia: 

Bleaching  powder  reacts  with  ammonia  then  Nj  gas  is  liberated. 


3Ca(OC/)C/(S}  -h  2NHs  (e 


oCaC(2,-aq)  3H20(n  fr  Is* 2( 
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sj  APPLICATIONS  (USES):  -  • 

iz  i  .  .  ,  ‘ 

|  5  (i)  3 leaching  powder .  is  used  for  sterilizing  of  drinking  water  ape  disinfeenna  i 

'  ir.!S'. .  •drains-ans  sewersr- - .  -  .  •  ! 

j  <  .  .  4 

j  g  _  (ii)  It  is  used  for  bleaching  of  cotton.  linen  and  oaner  nuip. 

|  fr  ter  the  preparation  of  QU  gas  which  is  a  powerful  oxidizing  agent. 


“  TESTS  FOR  HALIDE  IONS  (Silver  Nitrate  Test): 

•  °  common  metallic  halides,  such  as  NaCl,  KBfy  Mgl3  are  soluble  in  water 

. ..  O'  ‘'except  halides.of  Ag  and  Pb,  For  the  detection  oTC!",  Bf,  and  Lions,  silver  nitrate  test 
S  is  performed  which  giyes  the  precipitates  of  Ag G/,  AgBr  and  AgX. 

''a---  -  .  For  this  purpose,  the  aqueous  solutions  are  treated  with  the  solution  of  silver 
■ '  *  nitrate  (A2NO3)  to  give  the  specific  coloured  precipitate. 


EXPERIMENT  . 


OBSERVATION 


INFERENCE 


-tii 

*■  •  a 


(i)  If  white  ppt.  of  AgC /  is, 

.  Original  solution  .-rAgNOj  formed  which  is. soluble-  in  C.r  is  present 

*’ _ ■  '  ‘ _ NH3  solution. _ j _ ' 

. ’  -  (ii)  If  light  yellow  or  cream  ppt.  .  • 

*“  •  •  of  AgBr  is  formed  which  is  . 

;  partially  soluble  in  NH3  Br:sPresenI 

I _ _ solution.  •  ••  _ _ _ 

(iii)  If  bright  yellow  ppt.  of\AgI  ; 

is  formed  which  is  insoluble  in  !  I~  is  present  ! 
•  • _ * _  NH3  solution.  i 


Reactions: 

(i)  NaC/(aq)  -  +  AgN03(aq> 

(ii)  NaBr  (aq)  +  AgN03uq) 


AgC/(s)  .  t  NaNOa^. 


Whit*  ppt 


Ag3r(s)  +  NaNOstm-j 


Light  yallow  ppt 


(iii)  Na •>  AgN03t 


.  a. Shop  #  6,  SS4/1,  Asif  Centre, 
-F.B.  Area,.  Block-1,  Near  Usman 
Memorial  Hospital,  Karachi 
-•  0315-82S08G2  I  0321-2622769 


Agl^'  -  +  NaNOstaj) 

Bright  yallow  ppt 


rnciviigHP  miHnmum 

^Shop  #.6.  3S4/1.  Asif  Centre,  - 
“■b.  Area,  Block-1.  Near  Usman 
Memorial  Hospital,  Karachi 

-31 5*829 G8G2  /  C32* *2622769 
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(l)(a)  Fill  in  the  blank:. 


EXERCISE 


IX-Chemistry,  Chapter  fMS,  Pace#  13. 


i  - 


(b> 

© 

an 

(Hi) 

(tv) 

(v) 

,  (vi) 


•cr 

!  w 
I  t/j 
U 
tn 


□ 


(2) 


(i)  Bromine  is  the  dark  brown  volatile  liquid. 

an  Iodine^  is  .the  biack  shining  low  melring'point  sublime  solid. 

(iii)  Flu orine  can  replace  all  other  halogens  from  the  solutions  of  their  salts. 

(iv)  H  dissolved  in  alcohol  is  called  Tincture  of  Iodine. 

'  J  s"-  --*-1  -J  wy  iUc  iujou  >_'i  -oteucnin^  powuer  over  v.n;er. 

^Vrite  True  or  False  in  the  following  statements: 

la  the  electrolysis  of  sodium  chloride  solution,  chloride  ions  are  discharged  at 
lheanode-  [False] 


[True] 

[False] 

[False] 

[True] 

[False] 


(ii) 

(in) 

•s. 

(iv) 


Hydrochloric  acid  reacts  with  metais  to  release  H2  gas. 

Bleaching  powder  is  a  powerful  reducing  agent’ 

All  halogens  contain  six  electrons  in  the  outer  shelL  • 

Astatine  the  last  member  of  halogens  is  unstable  and  radioactiv 
Br2  can  displace  chlorine  from  K CL 
Pick  up  the  correct  answers: 

(i)  In  the  process  of  electrolysis:  . 

(a)  Oxidation  takes,  place  at  cathode. 

(fa)-  Reduction  takes  place  at  anode. 

(c)  Cations  are  discharged  at  cathode . 

(d)  Anions  are  discharged  at  cathode.  ^ 

wnich  one  oi  the  following  will  release  chlorine  from  hydrochloric  acid? 

(a)  Na  (b)  Mn02  _  (C)  KOH  (d)  CuSCb 

"Wnen  chlorine  atom  combines  with  hydrosen  atoms,  which  type  of  the 
bond  is  formed?  _  ‘ 

(a)  Ionic  bond  (b)  Co  ordinate  covalent 

(c>  Polar  covalent  <d)  Non-Polar  covalent. 

Chlorine  gas  prepared  in  the  laboratory  is  collected  in  the  gas  jar  by: 

(a)  Upward  displacement  of  water  PGIHWED  n  m* 

r-  ,  .  ,  .-.u&.tn ct rfoiui 

(b)  upward  displacement  of  air  “  • 

(c)  Downw'ard  displacement  of  air  ’ 

(d)  Downward  displacement  of  water. 

Complete  the  following  reactions: 

- > 


\  Shop  i 


#  6,  354/4,  fi.Pd  C-cn-rs 
•p.E.  Area,  Bio ci;-*!,  l^.ru 

'  Memorial  Hr.-pk  l.  .ro.:t,i 

03  1 5-S 3; v d\)2  !  032  i -3-2276^ 


ls 


(0 

Mn02{s>  + 

4U.L./(CQnc) 

(ii) 

2NaKg(J)- 

►  2HaO(n 

(Hi) 

(iv) 

dNaOH(aq> 

“  Chfgj  (excsss j 

(v) 

AgN03^ 

+  HC/(aq) 

(vi)  ’ 

Ca(0C/)O 

^+2naWi)  - 

(vii) 

tC3r!acj.  ~  _■ 

\gNOsc«j) 

(viii) 

K2Cr207  v 

~  14KC7(CBBS?  ^ 

hot 


MnC/2(j)-r2K,0(l)-C/2(s) 

INaOB^.q)  +  H^gj-r  2Hgo) 

2KC/(J)  +  I2fs) 

5NaC/(s)  +  NaC/03(aq)  +  3H2Ow 
AgC/(s).+  AgN03(aq) 

CaCl2(S)  +  C/2(g)  4-  H:0(j) 

KN03{aq)  -f  AgBr,s) 

BKa^lCra^THArrSC/^ 
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<3)(a)- 


(4)  (a) 


(5)  .(a) 


(6)  (a) 


(7)  (a) 


•  y  -  "  IX-Chemlstry,  Chapter #15,. Page #14 

What  are  halogens?  Why  are  they  placed  in  VII A  group  in  the  periodic  table?  ' 
Describe  the  state  of  each  member  of  the  familv  and  also  their  colours 
Answer  on  page&3 

What  are  the  sources  of  halogens?  Describe -the  importance  of  Ck  Br¬ 
and  12  m  our  daily  life. 

Answer  on  page#  4  and  5 

How  is  chlorine  prepared  in  the  laboratorv? 

-  **  c  —-5 —r  -j 

Describe  the  commercial  preparation  of  chlorine  by  the  electrolysis  of 
aqueous  NaCl  solution  in  Nelson’s  cell. 

Answer  on  page#  6 

VTiat  happens  rvhen  chlorine  reacts  with:  (i)  Zn  (ii)  H2S  (hi)  CO  (iv)  P 
(\)  FeCl2  (vi)  H20.  Give  reactions  and  equations.  ' 

Answer  on  page#  8  and  9  * 

Discuss  the  uses  of  chlorine. 

Answer  on  page#  5 

Give  the  preparation  of  hydrogen  chloride  ( HC1 )  in  the  laboratory  bv  the 
action  Oi  cone.  HhSCL  over  common  salt  (NaC7). 

Answer  on  page#  9 

How  does  hydrogen  chloride  manufacture  commercially  bv  direct 

combination  ofH;  and  Ck  gases.  •  '  ' 

Answer  on  page#  10 

What  is  the  action  of  hydrochloric  acid  (HC/)  on? 

(i)  NaOH  .  .  (ii)  NaHC03  1  (ill)  Pb(N03)2 

(iv)  Mn02  (v)  AgNO, 

Answer  on  page#  10  and  11 

WTiat  is  bleaching  powder?  How  is  it  manufactured  commercially  by 
Hasenclever  process?  Give  the  uses  of  bleaching  powder.  ' 

Answer  on  page#  11  and  12 
WTiat  is  the  action  of  bleaching  powder  over? 

(i)  .  Water  (ii)  ~  H Cl 

(lii)  H2C03  (weak  acid)  (iv)  Ammonia  (NH3)  *  - 

Answer  on  page#  11  and  12 

Describe  silver  nitrate  test  for  the  presence  of  C/ion  in  a  salt  of  chloride 
Luve  the  reaction. 

Answer  on  page#  12 
Identify  the  following: 

(i)  A  pale  green  gas  that  dissolves  in  aqueous  NaOH  solution  rive  a 

solution  used  as  a  bleach.  (Ch  gas)  •  c 

(ii)  A  gas  with  pungent  smell,  acidic  taste,  hiehlv  soluble  in  water  to 
lorm  a  strong  acid.  (Cl;  gas) 

(iii)  White  amorphous  solid  which  reacts  with  water  to  liberate  chlorine 
gas.  (Bleaching  Powder) 

(iv)  The  deficiency  of  this  leads  to  the  enlargement  of  thyroid  gland. 

(I'ions)  -  - 

(v)  A  pale  yellow  gas,  very  unstable  in  water.  (F2) 

(vi)  A  non-sticking  material,  having  very  low  coefficient  of  heat.  (Teflon)  • 
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METALS  AND  NON-METALS: 

Elements  in  the  periodic  table  are  classified  mainly  as  metals  and  non-metals.  In 
early  days,  metals  were  identified  from  non-metals  by  their  physical  characteristics. 


0 


(t )  Physical  differences  between  Metals  and  Non-Metals: 


Metals 

Non  Metals 

All  metals  are  found  in  solid  state  with 
high  Melting  and  Boiling  points. 

Except  Mercury  (Hg)  which  is  liquid. 

Non  metals  are  found  in  solid  and  gas 
state  with  low  Melting  and  Boiling 
points. 

Except  Bromine  (Br)  which  is  liquid. 

They  have  shiny  surfaces  Ouster.)  and  j  They  have  no  luster  and  can  not  be 
can  be  polished.  j  polished. 

1  . .  —  _  ■ 

They  are  sonorous  because  they 
produce  sound  by  hitting  on  their 
surfaces. 

They  are  not  sonorous  because  they  do 
not  produce  sound  by  hitting  on  their 
surfaces. 

They  are  malleable  and  ductile  because 
they  can  be  convened  into  sheets  and 
wires. 

They  are  neither  malleable  nor  ductile. 
They  are  brittle. 

i  They  are  good  conductor  of  heat  and 

j  j 

i  electricity  due  to  free  electrons.  Thev  I 

■■  ! 

!  are  conductors. 

!  i 

They  are  bad  conductor  of  heat  and 
electricity-  because  they  do  not  have  free 
electrons.  They  are  insulators. 

|  hon  <Fe)r  Copper  (Cu),  Zinc  (Zn),  Sulphur  (S).  Carbon  (C),  Oxygen  (02), 

:  Aluminium  (Al).  Chromium  (Cr)  are  Nitrogen  (N:)  and  Chlorine  (Cl2)  are 
some  metals  having  relatively  high  j  some  non  metals  having  relatively  low 
density.  i  density. 

- - - - -  i _ 
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'  -:v  V '  v  ’  IX-Chemistry,  Chapter#  16,  Page  #4 

(2)  Chemical  Differences,  between  Metals  and  Non  Metals: 


Metals 

Non  Metals 

Metal  oxides  are  basic  in  nature  when 
dissolved  in  water  they  form  alkaline 
solution  which  turns  red  litmus  blue. 

Non  metai  oxides  are  acidic  in  nature 
when  dissolved  in  water  they  form 
acidic  solution  that  turn  blue  litmus  red. 

- - -  —  -  -iouui  ui  -iCcuOUS 

(reducing  agents).  They  form  cations 
because  tbey  are  highly  electropositive 
in  nature. 

a ''on  mecais  are  acceptor  01  electrons 
(oxidizing  ’  agents).  They  form  anions 
because  they  are  highly  electronegative 
in  nature.  "  ’ 

Na  -*•  Na*  +  e 

•ci  +e  ->cr 

2,'8,1  2,8  r 

2,8,7  2,8,8 

A1  — >  A!3  +  3  [  ~e  j 

- 

2,8,3  2,8 

N  +3e  — >  N3" 

2,5  2,8" 

V 

Metallic  Chlorides  are  electrovalent 
(ionic  compounds).  They  are  Crystalline 
solids  and  good  electrolytes.  They  are 
soluble  and  they  ionize  in  water. 

Non  Metallic  Chlorides  are  covalent 
compounds.  They  are  amorphous  solids 
or  polar  liquids.  They  hydrolyzed  in 
water. 

Na  +  1/2C/2  — >  Na‘C/-(s) 

2P(S)  -r.  C/2(E)  — >  PC/3O} 

NaC/(S)+  H2O  _ >  Na+(aq1  +  C/"(aq) 

VCI3  +3H20-*  H3P03  +  3HC/ 

Na,  K  and  Ca  react  with  Hydrogen  to 
form  ionic  hydrides  by  the  transfer  of 
electrons  such  asNa’H:,K*H\Ca2*H;\ 

Non  metals  react  with  Hydrogen  to 
form  covalent  hydrides  by  the  sharing 
of  electrons  such  as  NH3,  H2S.  HC/,  etc7 

Metals  react  with  'dilute  acid  to  liberate 
H2  gas  forming  their  salts  by  the  loss  of 
electrons. 

Non  metals  do  not  react  with  dilute  acid 
but  they  react  with  concentrated  acid  to 
form  non  metallic  oxides. 

Zn  T  2H2S04|aq) — ZnSO-i(aq)  H2(g) 

S+lH^O^-Ha^SSO^-H  2H.O 

MINERALS: 


The  naturally  occurring  compounds  which  are  obtained  from  earth  crust  are  called 
Minerals. 

ORES: 

The  minerals  which  are  used  commercially  for  the  preparation  or  extraction  of 
metals  are  called  Ores. 

GANGUE: 

Ores  consist  of  minerals  and  some  impurities  (like  rock  materials)  are  called 
Gangue. 
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'  IX-Chemistry,  Chapter#  16,  Paqe  #5 

OCCURRENCE  OF  IRON: 

knovJSk  kno^l,and  used  mankind  for  very  long  time”  It  is  one  of  foe  best 
Known  metals  m  the  world  because  of  its  great  industrial  importance. 

1S  *e  fourth  (4Ur>  most  abundant  metal  found  in  the  earth  crust  Iron  is 
generally  found  in  the  combined  states  m  _ 1_ _ _  r  t 


0) 

Haematite  : 

F,e2  03 

(ii) 

Magnetite  : 

Fe304 

~  L;xi  L  ii,e 

(iv) 

Siderite  : 

FeC03 

(v) 

Limonite  : 

Fe203.  3H20  (Hydrated) 

E 


5  ,  p  7  7  *  ep0SllS  or  mgft  ^ade  ^  ores  found  in  Chitral,  Kohistan 

and  Baluchistan.  Presently  these  ores  are  not  commercially  utilized  in  Pakistan. 

OCCURRENCE  OF  COPPER: 

Copper  has  been  known  and  used  by  mankind  since  the  Bronze  Age.  The  ancient 

Roma?s  and  Greeks  used  copper  for  their  metal  works.  The  most  common 
minerals  or  ores  of  Copper  are: 


(i) 

(ii) 

(iii) 

(iv) 

(v) 

(vi) 


Copper  pyrite 

Copper  glance 

Cuperite 

Chalcocite, 

jMalachite 

Azurite 


V 


CuFeS2 
CuS 
Cu20 
Cu2S 

CuCC>3 .  Cu(OH)2  (green  colour) 

[2CuC03  •  Cu(OH)2]  (blue  colour) 

,  In  Pakistan:  depositi  of  copper  are  found  in  Baluchistan.  The  most  important  ore 
ox  copper  is  copper  pyrite  (CuFeS2). 

OCCURRENCE  OF  ALUMINIUM: 

Aluminium  is  the  third  (3  rd)  most  abundant  element  after  oxygen  and  silicon 
ound  in  the  earth’s  crust.  It  is  the  most  abundant  metal  present  in  the  earth’s  crust.  The 
important  minerals  or  ores  of  Aluminium  are: 


(1)  OXIDE  ORES 

(i) 

Bauxite 

A 1 203  .  nH20  (A  1 203.2H20) 

(ii) 

Diaspore 

ai2o3.h2o 

(iii) 

Corrundum 

ai2o3 

(2)  FLUORIDE  ORE 

0) 

Cryolite 

Na3AlF6 

(3)  SILICATE  ORES 

(i) 

Kaolin 

A1203 . 2Si02 . 2H20 

(ii) 

Potash  Feldspar 

K20  .  AI2O3 . 6Si02 

(iii) 

Potash  Mica 

K20.3A1203 . 6Si02 . 2H20 

(4)  SULPHATE  ORE 

(i) 

Alunite 

K2S04  .  A12(S04)3 . 4Al(OH);. 

P  R  A  CTICA1L . CENTRE 
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_  .  •  -  !X-Chemistry,  Chapter#  16,  Page  #  6 

In  Pakistan,,  deposits,  of  .aluminium  are  found  near  the  village'  Khilla; 
Muzaffarabad  (Azad  Kashmir),  village  Salhan  of  Tehsil  Kohli,  near  Rawalpindi  at 
Maxgalla  hills,  Surge  of  District  Attock  and  in  Thaiparkar  and  Dadu  Districts  of  Sindh. 
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OCCURRENCE  OF  CHROMIUM: 

r*  • 

n 

m 

z 

K 

CL 

-n 

Chromium  is  a  silvery  white  metal  and  is  well  known  for  its  anti  corrosion  and 

H 

X 

m 

—n 

r- 

o 

Chromite  ore  is  found  in  Baluchistan  and  in  Malakand  at  NWFP. 

c n 
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IS 

METALLURGY: 

O 

z 

KJ 

O 

VJ 

tf) 

IU 

U3 

a 

LU 

K 

h- 

The  majority  metals  are  found  in  nature  in  the  combined  states  with  other 
chemical  substances,  known  as  minerals.  The  extraction  of  metal  from  its  ore  is ’termed 
as  metallurgy.  Thus  metallurgy  is  the  method  of  extracting  metals  from  their  natural 
sources  (minerals  or  ores). 
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METALLURGY  OF  IRON  (EXTRACTION  OF  IRON): 

b 

H 

O 

u 

p 

Iron  is  extracted  from  Haematite  (Fe203)  or  Limonite  (Fe203 . 3H20)  ores. 

r~ 

n 

r r 

< 

tr 

Q. 

RAW  MATERIALS: 

X 

m 

- 

0 

h- 

(i)  Haematite  (Pe203)  or  Limonite  (Fe203 . 3H20) 

0 

O 

fs 

ID 

(ii)  Coke  (carbon) 

m 

CD 

CD 

5 

z 

O 

IS 

Z 

(iii)  Lime  "stone  CaC03  (calcium  carbonate) 

CO 

CD 

LU 

WORKING: 

ro 

o 

t/3 

0 

LU 

a 

t- 

z 

LU 

The  crushed  iron  ore  is  mixed  with  coke  (C)  and  lime  stone  (CaC03)  which  are 
fed  from  the  top  of  the  furnace,  while  a  blast  of  hot  air  is  introduced  into  it  from  the 
bottom  through  small  pipes  known  as  Tuyeres. 

-J 

□ 

■0 

X 

> 

n 

- 

< 

U 

K 

U 

< 

K 

Q. 

The  temperature  inside  the  furnace  varies  from  about  2000°  C  near  the  bottom  to 
about  400 0  C  at  the  top.  The  hot  air  oxidizes  the  coke  (C)  to  carbon  dioxide  (C02)  with 
the  liberation  of  lot  of  heat. 

o 

> 

r* 
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z 

H 

X 

m 

0 

Q«J  t  02(8)  - >  C02(g)  ;  A  H  =  —  394  KJ/mol 

0 

a 

IS 

CD 

v~ 

O 

IS 

The  reaction  is  highly  exothermic  so  Carbon  dioxide  (C02)  gas  in  the  furnace 
reacts  with  more  coke  then  carbon  monoxide  (CO)  gas  is  formed. 

m 

CD 

CD 

O 
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« 

cn 

C02(g)  +  C(„  - »2CO(g)  ;  AH  =  -  173  KJ/mol 

O 

Cft 

N3 

w 

0 

Carbon  monoxide  (CO)  gas  reacts  with  the  iron  oxide  ore  to  form  iron  metal. 
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Fe203(S)  +  3CO(g)  - »  2Fe(i)  *f  3CO 2(g) 

< 

C 
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■ "  ^n?e  stone  (CaCOj)  decomposes  at 

nigh  temperature  to  produce  calcium  oxide 
(CaO)  reacts  with  silica  (Si02)  and  aluminium 
oxide  (AI2O3)  which  are  present  as  impurities 
to  form  calcium  silicate  (CaSi03)  and  calcium 
aluminate  Ca(A102)2. 

CaC03(s) — >  CaO(8)-f  CO^j 


JX-Chemistry.  Chapter ■.#  16,  Page#? 


IS 


Stag 

’'-Molten  iron 


W  CaO  -t  <iQ2  - »  CaSiOjp)..  -  -  W -  -  1 

(ii)  CaO  +  AI2O3 - ^Ca(A102)2  Sl*0 

•  The  mixture  of  CaSi03  and-Ca(AI02)2  is  iron 

known  as  Slag.  The  molten  free  iron  runs’ 
downward  to  the  bottom  of  the  furnace.  The  . 

slag  floats  on  top  of  the  molten  iron  and  easily  '  _ 

be  removed.  , 

,  "rtie  mollen  *ron  froni  the  blast  furnace  is  pour  into  sand  moulds  where  it  cools 
down  to  solid  blocks  called  Pig  Iron.  \ 

Slag  is  a  useful  by-product.  It  is  Used  as  a  road  making  material,  for  cement 
manufacturing  and  for  making  light  weight. building  materials. 

-  The  gas  leaving  the  furnace  is  known  as  Flue  Gas.  It  contains  nitrogen  (NA. 
carbon  monoxide  (CO),  carbon  dioxide  (C02)  and  fine  carbon  (C)  panicles.  The 
emission  of  flue  gas  is  a  source  of  environmental  pollution. 

Pig  iron  is  hard  but  brittle  and  melts  at  1200  °C.  Pig  iron  contains  some 
impurities  such  as  silicon,  sulphur,  phosphorous  and  manganese. 

TYPES  OF  IRON: 

(1)  Pig  Iron: 

.  iron  which  is  obtained  directly  from  the  furnace  is  called  Pig  Iron.  It 

contains  upto  4%  carbon  (C)  along  with  silicon  (Si),  sulphur  (S),  phosphorous  (P)  and 
manganese  (Mn)  in  different  proportions.  The  presence  of  these  impurities  lowers  the 
melting  point  of  iron  from  1530  0  C  to  1200  °  C. 

(2)  Cast  Iron: 

The  iron  which  is  obtained  "by  the  re-melted  the  pig  iron  and  then  cooled  in 
moulds  of  required  shapes  is  called  Cast  Iron.  Cast  iron  has  a  slightly  lower  percentage 
of  impurities  than  pig  iron  and  almost  has  the  same  physical  properties. 

Properties:  It  is  hard  but  brittle  and  can  not  be  welded. 

Uses: .  It  is  used  for  making  tools,  lamp  posts,  gates,  railings,  engine  blocks, 
the  base  of  Bunsen  burners,  etc. 

(3)  Wrought  Iron:  c 

The  purest  form  of  iron  is  Wrought  Iron.  It  contains  only  about  0.1%  carbon, 
brought  iron  is  obtained  by  heating  cast  iron  in  a  furnace  with  haematite  (Fe203). 
During  this  process,  carbon  and  sulphur  are  oxidized  and  are  removed  as  CO-  and  SO- 
respectively. 

2Fe203(S)  +  3C(S)  - »  4Fe(i)  +  3C02(g) 

2Fe203(„  +  3S(S)  - >  4Fefl)  +  3S02(g) 

—  -  .  r 
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LX-Chemistry,  Chapter  #  1 6,  Page  #  8 

.  ,-J^1  the  same  time  phosphorous  and  silicon  present  are  convened  into  phosphate 
^and  silicates  of  iron  which  can  be  removed  as  a  "slag  &om  the  semi -molten  mass  of  iron. 

Properties:  It  is  tough  and  malleable.  It  can  be  shaped  by  hammering  at  about  500°C  to 
1 000c0  before  its  melting  point.  It  can  easily  be'welded. 

Uses:  It  is  used  for  making  nails,  chains,  iron  rods,  sheets.'  swords;  etc. 


0 


.  J  .  ..  ...  .i  viiy, 

About -90%  of  the  .pig  iron  is  convened  into  steel.  Steel  is  an  alloy  of  iron  with 
carbon  (Q  and . other  elements  such  as  manganese  (Mu),  nickel  (Ni),  chromium  (Cr), 
tungsten  (W)  and  vanadium  (V).  ' 


The  Comparison  of  Impurities 


Impurity 

Impurity  in  pig  Iron 

Impurity  in  steel 

Carbon 

3% -4% 

0.15% 

1  Silicon 

1%  —  2% 

0.03%  ‘ 

i  Phosphorous 

0.05  -  1.5% 

0.05% 

j  Manganese 

0.5 -1.0% 

0.5% 

j  Sulphur 

0.05-0.1% 

-  0.05% 

There  are  several  methods  of  making  steel.  Following  are  the  imponant  methods: 


(1)  The  basic  oxygen  process  (2)  .  Open  hearth  process 

(3)  The  electric  arc  process. 


However,  they  are  all  based  on  the  same  general  principle  of  removing  the 
impurities  of  C.  Si,  S,  P  and  Mn  from  the  molten  pig  iron  and  to  obtain  steel  of  desired 
compositions. 


The  steel  obtained  is  very  hard  and  brittle  so  the  removal  of  brittleness  and  to 
increase  tensile  strength,  the  steel  is  re-heated  to  certain  temperature  carefully  and 
allowed  to  cool  slowly.  This  process  is  know'n  as  Tempering.' 

Alloy  steels  are  obtained  by  the  presence  of  Nickel  (Ni)  and  Chromium  (Cr). 
Stainless  steel  gives  better  resistance  to  corrosion  or  rusting  and  it  is  used  in  making 
cutleries,  scissors,  surgical  'instruments  and  machineries.  The  presence  of  cobalt  (Co) 
gives  highly  magnetic  steel,  used  for.making  permanent  magnets.  Tungsten  (W)  gives 
very  hard  steel  for  making  cutting  and’drilling  tools'^  ;  ’  . fc 

Some  common  Seamless  Steel:  efr 

There  are  three  main  types  or  stainless  steels  w'hich  have  different  percentace  of 
metals  are  as  fol low's: 

(1)  Stainless  steel  containing  13%  Cr  and  0.1-  0.4%  C 

(2)  Stainless  steel  containing  17%  Cr  and  2%  Ni 

(3)  Stainless  steel  containing  1 8%  Cr  and -6%  Ni 
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;  •  -•  JX-Chemistry,  Chapter  #16,  Page#  9  - 

METALLURGY  OF  COPPER  (EXTRACTION  OF  COPPER): 

Copper  metal  is  usually  extracted  from  its  sulphide  ore.  such  as  copper  pyrite 
(CuFeSu)  which  contains  aboui  6%  copper. 

The  extraction  of  copper  from  copper  pyrite  involves  the  following  processes:. 

(1 )  Concentration  of  the  Ore:  \  Vr  n 

in  this  process*  the  pynte  ore  is  first  -  I - — j 

concentrated  by  Froth  Floatation  Process.  In  this  ^ 

process  the  ore  is  crushed  and  is  mixed  with  water  - - 7  >£>^7  fc 

and  pine  oil.  Air  is  blown  into  the  mixture,  oil  ‘  /V  *'  jM 

forms  froth  with  sulphide  ore,  which  floats  on' the  '*?  .  *  I 

surface.  The  gangue  (impurities)  settles  down.  ■ 

The  froth  along  with  the  mineral  particles  is  outlet 

skimmed  off  and  is  dried  to  get  concentrated  ore.  A/****£j-Feed 

The  gangue  (impurities)  particles  are  left  behind.  *  •  • 

(2)  Roasting: 

The  concentrated  ore  is  then  roasted  on  an  open  hearth  fiimace  in  air.  Part  of 
sulphur  and  other  impurities  are  burnt  off  and  are  removed  as  their  oxides. 

4CuFeS2(,}  +  502(g)  -~^,ed  >  2Cu2S(s)  +  2FeOw  +  2FeS„,  +  4S02(g) 

(3)  Smelting: 

The  roasted  ore  is  then  sent  into  a  blast  furnace  together  with  a  little  coke  and 
silica  (Si02).  In  this  process,  iron  sulphide  is  changed  into  iron  oxide  which  combines 
with  silica  to  form  iron  silicate  (FeSiOi).  The  slag  is  removed  which  floats  on  the 
surface. 


4S02( 


+  302( 


FeO(5)  +  SiOi(s) 


2FeO(S)  +  2S02(g)  . 
FeSi03(i)  (slag) 


The  molten  mixture  below  the  slag  contains  cuprous  sulphide  (Cu2S)  with  some 
ferrous  sulphide  (FeS)  known  as  Matte. 

(4)  Reduction:  ip 

The  matte  (Cu2S  with  some  unreacted  FeS)  is  /  \ 

carried  out  to  a  converter  called  Bessemer  Converter  Air-»  ‘""*)|  [i 

where  it  is  treated  with  some  silica  by  "blowing  hot  air.  1 

The  iron  sulphide  (FeS)  is  changed  to  FeO.  forming  slag  1  j 

(FeSiO?)  with  silica  (Si02).  The  hot  air  converts  Cu2S  j 

partially  to  Cu20  which  then  reacts  with  remaining  Cu2S  j  j 

to  give  molten  copper.  A  ry 
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IX-Chemistry,  Chapter#  16,  Page#  10 


2FeS(S)  ,  .  4: 

302(E).,  .-  •; 

- — >  -.I’ 

,  2FeO(S) 

4-T:  2So2^: 

4? 

*P^0(1)  -T 

S102(s) 

~  > 

FeSiOsh) 

2Cu2S(i)  + 

302(e) 

- > 

2Cu20(d 

■+  2S02(g) 

2CU2p(i)  +  . 

CuiSd) 

- > 

6Cu(i) 

4-  502(g) 

,  *  -*  "  ' '  '  J  •*  ^ *—  -• * .  •*  -**W-i**-»  .J  iiiipLUw  i  L 

is  known  as  Blister  Copper.  The  blisters  are  produced  during  solidification  on  cooling 
due  to  the  escape  ofS02  gas.  Blister  copper  is  about'  98%  pure" copper. 

(5)  Refining  of  Blister  Copper: 

Blister  copper  contains  Fe,  Zn,  Ph,  Ag  and  Au  as  impurities  which  reduce  the 
conductivity  of  copper  so  blister  copper  is  refined  by  the  electrolytic  process. 

In  this  process,  blocks  of  impure  copper  (blister  copper)  are  used  as  anode  and 
very  thin  sheet  of  pure  copper  act  as  cathode.  The  anode  and  cathode  are  suspended  in 
•  acidified  copper  sulphate  solution  (CuSOa). 

When  current  is  passed  through  the  cell  then  the  copper  ions  from  the  solution 
deposited  at  cathode  and  impure  copper  anode  dissolved  in  the  solution  while 
impurities  are  remained  below'  the  anode  which  is  called  anode  mud. 

Reaction: 


At  Anode: 


Culs)  - >  Cu~-,aq)  +  2e~ 

'Blister  copper 


At  Cathode:  Cu2+(aq)  +  2e“  - >  Cu(s) 

Pure  copper  metal 

The  electrically  refined  copper  is  100%  pure. 
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;;  V  ;  \  ^  ■  IX-Chemlstry,  Chapter #16,. Page #11 

METALLURGY  OF  ALUMINIUM  (EXTRACTION  OF  ALUMINIUM): 

188Sby^rrrl;rbtain':db;'itS  h"”*?  m 

This  process  involved  two  stages: 

0  )  Purification  of  Bauxite:  - 

The  bauxite  ore  contain^  mainr  ^  4  re-,  p.  \  -,-4 

W  ^  UdUAue^e  iS  and  crushed  to  iineiy  divided  bauxite  ore 

H  ^ :oncentrated  caustk  s.oda  (NaOH)  solution  as  a  result  aqueous 

sohmon  of  Sodmia  AJuminate  (NaAIO,)  is  formed  Since  the  impurities  are  insoluble 
and  can  be  removed  by  filtration.’  • 


AJ2O3 . 2HaO(.)  +  2NaOH(,q) 

Bauxite 


“►  2NaA102(«,)  +  3H2O0)  +  impurities 

Sodium  alumiuate 


The  filtraie  which  is  sodium  aluminate  is  hydrolyzed  with  excess  of  water  to 
precipitate  aluminium  hydroxide  which  is  filtered,  washed  and  dried. 

2NaAlC>2  +  4HiO - >  2Al(OH)3(,)  +  2NaOH,.q) 

Al(OH)3  is  heated  up. to  1500°-C  which  gives  pure  alumina  (Ah03). 

2A1(OH)3(o  — - >  Al203(,)  +.  3H20(g) 

*  •  .  Purealumlne 

(2)  Electrolysis  of  Pure  Alumina: 

The  electrolysis  of  pure  alumina  is  carried  in  a  steel  tank  lined  inside  with 
graphite  which  acts  as  cathode,  while  anodes  are  the  graphite  rods  dipped  in  the  molten 
mixrnre  of  pure  alumina  dissolved  in  molten  Cryolite  (NaaAlF*)  with  some  fluorspar 
(CaF2).  Cryolite  lowers  the  melting  point  of  pure  alumina  up  to  950°  C.  When  current  is 
passed  through  the  molten  alumina  the  reactions  take  place: . 

Ionization  Reaction: 

.  "  Cryolite 

4A13+  +  6  O2' 


2AI2O3 

4A l3*  +  12e* 
6  O2’ 

A1  metal  is 
cathode  wrhich 


950°C 


At  Cathode: 

At  Anode: 

Molten 
produced  at 
deposited  on  the  bottom  of  the 
cell  and  is  tapped  off  from  the 
outlet  of  the  cell. 

Oxygen  (O2)  gas  is 
liberated  at  anode  which 
reacts  with  the  carbon  anode 
to  form  oxides  of  carbon.  As  a 
result  the  anodes  are  gradually 
disappeared  and  must  be 
replaced  from  time  to  time. 


950*  C 


->  3  02(g)  + 


4Al(i) 

12e- 


Molten 
electrolyte 


Anode 


Steel  tank 


-Graphite 

cathode 


Molten 

Aluminium 
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ALLOYS: 


IX-Chemistry,  Chapter#  16,  Page  #  12 


“When  a  metal  is  mixed  with  another  metals  or  non  metals  in  molten  form 
then  the  mixture  is  called  Alloy.” 

The  component  elements  do  not  undergo  any  chemical  changes  during  the 
process  of  alloying.  The  percentage  composition  of  the  component  elements  mavvarv 
according  to  the  qualitv  desired  '  '  ' 

The  presence  of  small  quantities  of  another  element  in  the  metal  frequently 
increases  its  strength  and  appearance.  ' 

SOME  COMMON  ALLOYS: 

(1)  BRONZE: 

This  is  an  alloy  of  copper  (baser  metal). 

Composition:  It  contains  90  -  95%  copper  (Cu)  and  5  -  1 0%  Tin  (Sn). 


Properties: 


It  is  strong  and  shows  greater  resistance  to  corrosion.  It  is  very 
attractive  in  appearance. 

Ii  is  used  for  making  coins,  medals,  sculptures.  It  is  also  used  for 
general  metal  work. 


(2)  BRASS: 


This  is  also  an  alloy  of  copper  (baser  metal). 

Composition:  It  contains  60  -  80%  copper  (Cu)  and  20  -  40%  Zinc  (Zn). 

Properties:  It  is  stronger  and  malleable  than  copper.  It  has  low  melting  point.  It 

•  •  shows  greater  resistance  to  corrosion.  It  is  very  attractive  in 

appearance.  It  is  low  cost  than  copper. 

^Ses'  ^  ]s  use^  f°r  making  moving  parts  of  clocks,  watches  and  doors. 

It  is  also  used  for  making  ornaments,  household  utensils.  • 

(3)  NICHROME: 

This  is  an  alloy  of  Nickel  (baser  metal). 

Composition:  It  contains  60%  Nickel  (Ni),25%  Iron  (Fe)  and  15%  Chromium  (Cr). 

Properties:  It  is  heat  resistant 

ses*  ^  for  making  wires  for  electric  iron  and  heater. 
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EXERCISE: 


IX-Chemistry,  Chapter#  1 6,  Page  #13 


(1)  Fill  in  the  blanks  by  the  correct  answer. 


(3) 


(i) 

CK) 

(iii) 

fiv) 


Aluminium  is  the  member  of  group  TUA  of  the  . periodic  table. 

tang  the  extraction  of  A /,  bauxite  'is  purified  by  dissolving  it  in  NaQH 

^olunon.  the  msoluble  impurities  are  removed  by  Filtration.  “  - 


1  ‘J 

(Vi) 


(2) 


-"f*  tcnaenc >' t0  am  elecmns  and  generally  are  reducing  aaents 

The  combined  forms  of  metals  with  less  definite  chemical^«“ 

knot™  as  ^  with  less  worth  impurities  are  called  ^  “* 

The  Ionmila  Of  .haematite  is  Fe?Ch.  — 

(viii)  Na3  A1F6  is  the  formula  of  Cryolite. 

(“)  CaO  +  Si02 - yCaSiO*  ‘ 

(x)  Bronze  contains  90-95%  copper  and  5-10%  tin. 


(vii) 


- - -  - - 111 

write  True  of  False  for  the  foDowing  statements. 


(i) 

(ii) 

(iii) 

(iv) 

(v) 

(vi) 

(vii) 


[True] 

[False] 

[False] 

[True] 

[False] 

[True] 

[False] 

[True] 

[False] 


Blister  copper  is  refined  by  electrolytic  process. 

Ore  is  the  pure  form  of  a  metal  oxide.  • 

The  chief  ore  of  iron  is  magnetite. 

Pig  iron  is  hard  and  brittle. 

Brass  is  silvery  white  colour. 

CaSi03  and  FeSiOj  are  known  as  slag. 

Metals  are  usually  soft  and  brittle. 

(yiii)  Non-metals  can  not  be  polished  like  metals 

(ix)  An  ore  can  be  concentrated  also  by  magnetic  separator.  ,r  aise 

W  impurities  of  Au,  Ag  &  Zn  are  removed  from  blister  copper  by  roasting. 

Tick  the  correct  answer.  [False] 

(i)  The  formula  of  iron  rust  is: 

,  W  Fe=°3  '  (b)  FesO. 

V  (c)  Fe203.  H2O  (d)  FeO 

(ii)  The  most  important  ore  of  copper  is: 

Cu2°  V  (b)  CuFeS: 

SC.U2S  ,  '  (d)  Cu  CO3.  Cii(OH): 

(in)  The  formula  of  potash  mica  is: 

V  (a)  K20 . 3AI2O3 .  6SiOi .  2HsO  (b)  A120:. .  2Si02 .  2H-.0 

(c)  K20  .  A1203 .  6Si02  (d)  A1203 

Chromite  is  found  in  Pakistan  at 
(a)  Azad  kashmir  (b)  Punjab 

(c)  Sindh  V  (d)  Baluchistan 

Iron  metal  obtained  from  blast  furnace  is  impure  and  is  called- 
(a)  Cast  iron  V  (b)  Pig  iron 

(c)  Steel  .  (d)  Wrought  iron 

Stainless  steel  is  an  alloy  of  iron  with: 

(a)  Cr  and  Mn  V  (b)  Ni  and  Cr 

(c)  Mn  and  S  -  (d)  C  and  S 

>Vhich  one  is  the  reduction  reaction  in  the  manufacture  of  blister  Conner 

(a)  2Cu2S  +  302  ^  2Cu20  +  2SO-7(c) 

(bj  FeO  +  Si02  - ^  FeSi03 

(c)  2Cu2S  +  Cu2S  — r - >  6Cu  -r  SO-!(e) 

ZM  ZCuOrrCuiS  - *■  6Cu*S<h 


-=c-^r= 

aj.  __ 

22  x  5  -=  ip 
0  O  re 

f  s  4—  tv 

_ 2d  o  l.  n;  ^ 
Ct_  —  a>  . 


(IV) 


(V) 


(Vi) 


(vii) 


o2J  ^ 
CD  - 

a  C 

rr  -w 
XT  cn 
CD 


—  r-> 

x  o 


cxs  .  m  — 


O  rivi 

X  <=> 


cx=  at 


rv 
2  °o 


o< 


s~  to 


CD  5= 
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(•viii)  The  chief  ore  of  A/ has  the  formula: ,  •/  '  •  •" . 

V(a )Ah03.2Hi0  '  (b) AI2Q3 

(c)  Al203.H2Oi  (d)Na3AlF6  ....  •  V  -  : 

(ix)  Nichrome  is  an  alloy  that  contains  major  percentage  of. 

(a)  Cr  '  -  *  ’  (b)  Fe 

^/(c )Ni  -  .  _  (d)  Zn 

(x)  The  medal  given  at  third  position  in. any  event  is  made  up  of: 


0- 


(c)  Nichrome 


(d)  Copper 


(4)  (a) 
(b) 


(c) 

(d) 


S 


Define  "the  following  terms.  _ 

(i)  Minerals  (ii)  Ores  (iii)  Metallurgy 

Write  down  the  preliminary  operations  or  preparations  involved  in  the 
metallurgy  of  metals  from  their  ores.  Discuss  only  "concentration  of  the  ore 
and  the  roasting  of  the  concentrated  ores.’ 

What  happens  when  metals  Zn,  Mg  and  A1  react  with  dilute  HC7  and 
H2SO4?  Give  reactions.  -  . 

Give  the  reactions  of  the  followings  u'ith  water.  \ 

•  ’  (i)  PC/3  '  (ii)CaH2  ~  (iii)NH3  '  \ 

(5)  (a)  "What  are  the  chief  ores  of  Iron?  How  is  iron  obtained  by  the  blast  furnace? 

(b) .  What  are  the  main  components  of  pig  iron? 

(c)  Differentiate  between  wrought  iron  and  steel . 

(6)  (a)  What-is  rusting?  How  is  rusting  controlled? 

(b)  Before  the  extraction  of  a  metal  begins,  ores  must  be  purified  and 
concentrated.  Mention  two  different  processes  by  which  it  is  done. 

(c)  Why  does  in  metal  extraction  often  slag  is  produced? 

(7)  (a)  What  are  the  different  ores  of  copper?  Name  some  of  the  chief  ore  of  copper 

from  which  copper  is  extracted. 

(b)  How  copper  ore  is  concentrated  by  Froth  Floatation  process? 

(c)  Discuss  various  steps  involved  in  obtaining  blister  copper. 

(d)  How  is  blister  copper  further  purified?  Write  down  the  process  of  purification 
of  blister  copper. 

(8)  (a)  What  are  dinerent  ores  of  Aluminium?  What  is  the  percentage  of  aluminium 

compounds  present  in  the  earth  crust? 

(b)  Describe  the  extraction  of  Aluminium  metals  from  its  bauxite  ore? 

Give  details  including  purification  and  electrolysis  of  pure  alumina. . 

(c)  Write  down  the  formula  of  the  followings: 

(i)  Lime  stone  (ii)  Iron  silicate  (iii)  Alumina 

(iv)  Iron  pyrite  (v)  Copper  pyrite  (vi)  Chromite 

(9)  (a)  What  do  you  mean  by  ahoy?  Describe  the  composition  and  applications  of 

important  alloys  of  copper.  . 

(b)  What  is  nichrome? 

(c)  Give  the  physical  characteristics  of  copper  metal. 

(d)  What  are  three  common  stainless  steel  and  their  compositions? 
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ORGANIC  CHEMISTRY 


17 


INTRODUCTION: 

-  Early  chemists  considered  the  substances  according  to  their  sources  like  organic 

from  living  things  and  inorganic  from  non  living 'things 7 This  classification  was  based 
on  source  but  not  on  composition. 

former  concept  (vital  force  theory): 

'  BerzeUius  believed  that  organic  compounds  are  derived  by  Vital  Force  which 
means  they  obtained  from  living  things ‘or  life.  -  -  ~":-— 

MODERN  CONCEPT: 

In  1828,  W  ohler  prepared  .an  organic  compound  Urea  (a  compound  in  animal 
unne)  from  inorganic  compound  "Ammonium  Cyanate  {NH4CNO)  in  the  laboratory  bv 
control  heatins.  ’  *  --.V  ' 

O 

NFLCNO  >  NH2-C7NH2  (Urea)  .. 

The  compounds  which  contain  carbon  are  calied  organic  compounds.  ” 

The  branch  of  chemistry  which  deals  with  the  study'  of  carbon  compounds  is 
called  organic  chemistry'.  _  •..**  ..  »Vv*  * 

Except  few  compounds  such  as  carbon  dioxide  (CO:)5  carbon  monoxide  (CO), 
metal  carbonates  (C03)  metal  bicarbonate  (HCO3)  and  metal  cyanide  (CN)  which  are 

considered  as  inorganic  compounds. 

SPECIFIC  PROPERTIES  OF  ORGANIC  COMPOUNDS: 


Following  are  the  some  specific  properties  of  organic  compounds: 
(i)  Combustion  _  _  (il)  Cracking. (Pyrolysis) 


(iii)  Isomerism 
(v)  Functional  group 

(0  COMBUSTION: 


(iv)  Pblymerism 
(vi)  Homologous  series 


H  7ien  orSanic  compounds  burn  in  presence  of  air  (oxygen)  then  carbon  dioxide 
gas  and  water  vapours  are  formed  while  large  amount  of  heat  is  liberated  This 
process  is  called  combustion. 


CH*  -  20- 

C4L  -  30: 


CO:  -  2H:0  -  heat 
-CO:  —  2H:0  —  heat 
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(ii)  CRACKING  (PYROLYSIS);  r  -• 

-WleQ  saIumeti  organic  comounds  are  heated  in  absence  of  air  then  they  break 
dilterent  components.  This  process  is  called  cracking  or  pyrolysis. 

Scientifically, 

The  alkanes  of  large  molecular  mass  are  heated  in  absence  of  air  then  the 
molecules  split  into  several  smaller  components. 

e.g. 

.  +  At  70a-8J)°oc=  propane  (C_-Hs)  is  heated  in  absence  of  air  (oxyeen)  then  it  cracks 
into  propene.  ethene,  methane  and  hydro  sen.  *  “ 

2(CH.-CH.-CH.) - >  CH  -  CH  =  CH  —  rtr  —  rw  rn  •  u 

Propane  J Ar^ceofair  (-W2  CH,  -  CHj-r  CH4~ 

^  Propene  Ethene  Methane 

(iH)  ISOMERISM: 

The  different  compounds  have  same  molecular  formula  but  their  structures  are 

afferent  are  called  isomers  (same  parts)  and  this  phenomenon  is  known  as 
isomerisation  or  isomerism. 

^  Grfk  150  means  same  “d  meros  parts  or  units.  The  isomers  have 

me  percentage  composition  of  elements  and  molecular  mass. 

e.g 

(r  „  ^°rmaI  .butane  (n-butane)  and  iso-butane  have  the  same  molecular  formula 
(UH3C)  but  mem  structures  are  different,  so  they  show  different  physical  properties. 


CH3-CH:-CH:-CH3 

n-buiane  (CaHio) 


CH3-CH-CH3 

ch3 

Iso-butane  (C4H10) 


n-butane  and  iso-butane  are  isomers 
Pf^e  ,(D'Pentane)’  iso-pentane  and  neo-pentane  have  the  same 

pS^roSs.  }  SlrUCCUreS  316  differfem-  S°  *e>'  Show 


CH3-CH2-CH2-CH2-CH3  CH3— CH2— CH~CH-  L* 


i-pentane 

(CsKtz) 


isc-pentane 

(CjH:3) 


— >  CH- 
CH3-C-CH3 

- ch5 

neo-nemane 

(C?H;2) 


n-pentane.  iso-pentane  and  neo  pentane  are  isomers 

This  ppe  01  isomerism  is  called  chain  or  skeletal  isomerism,  and  this  type  of 
isomerism  always  occurs  among  the  alkanes. 

„or  J  “r£re£>'  ”•'*  ncmial  fy.^yanched  chain  where  as  prefix  iso-is  for  two  methv] 
roups  -Ch;,i  03  any  comer  of  me  oasrc  chain  and  prefix  neo-is  for  three  methvl  -zroups 
(•-Crlsj  on  any  comer  of  the  oasic  chain.  *  ’ 


P  R-A-erte  A  fcr  CE-ItT  R  b 
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(iv)  POLYMERISM  (POLYMERISATION): 

of  nJT’f1  UnSiatUr  Td  °r"anic  cmp?unds  are  heated  in  absence  of  air  or  presence 

” 

The  linkage  of  monomers  to  form  a  Polymer. 

In  Greek  Polv  means  many  and  meros  means  parts  or  units  so  the  linkage  of 
many  molecules  (monomers)  forms  a  compound  (Polymer). 

Formation  of  Polyethene  (Polyethylene): 

formed  °f  *  £thene  (eth>'ler3e)  *  heated  then  polyethene  is 

n(CH=*CH2)  -agBggg  »  (-CH,-CH:-)n 

Polyethene 

Polyethene  or  polyethylene  is  also  known  as  Polythene. . 

(v)  FUNCTIONAL  GROUP: 

^  0r  gr0Up  of  atoms  Present  hi  a  molecule  which  eive<  the  uniaue 
aracter  and  the  properties  to  the  molecule  is  called  Functional  Group.  Q 


Compound  General  Functional 

Formula  Group  Example 


Name 


O  o  o 

II  I!  •  II 

Organic  acids  i  R“C-OH  ~C — OH  CH5-C~OH  Acetic  acid 

!  (Carboxyl  croup) 


-Alcohols 


Alkyl  halides 


R-OH 


(Hydroxy!  group) 


CHj— OH  Methyl  alcohol 


(Halide  group) 


CH5— Cl  j  Methyl  chloride 


(vf)  homologous  series 


memblrZZ  GM  «nd  *“* 

JJ  ence  of>CH (methylene  group)  is  said  to  be  homologous  series . 

be  c!a“i-?edSintf  5^“  r,Tr5-rT  “d  ‘08°US  mCanS  ratio-  0rganic  can 

st-c^'anl  “aeSs  ^  ^  d°“*  ^ted  in  molecular 


**  halides  Ii5led  m  1136  mbk 
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No.  of 
carbon 

Alkanes  (R-H) 

Alcohols  (R  -  OH) 

Alkyl  halides  (R-X)‘ ' 

01 

Methane  (CHi) 

Methyl  alcohol  (CHs-OH) 

15 

Methyl  chloride  (CH3-CI) 

02 

Ethane  (C:He) 

Ethvi  alcohol  (C^Hj-OH) 

Ethyl  chloride  (C2H5-CI)  - 

03 

Propane  (C?Hs) 

Propyl  alcohol  (C3H--OH) 

Propyl  chloride  (C3H--CI) 

04 

Butane  (C;Hio) 

Butyl  alcohol  (CiH?-OH)  • 

Butyl  chloride  (C4H9-CI) 

n 

CdHiji  -2 

CDH;„^,OH 

CnHzn^jX 

HYDROCARBONS 


Organic  compounds  containing  Hydrogen  (H)  along  with  Carbon  (C)  are 
known  as  hydrocarbons. 

Hydrocarbons 

r~  :  i 

(a)Alipbatic  Hydrocarbons  (b)AlicycIic  Hydrocarbons  (c)Aromatic  Hydrocarbons 

(a)  ALIPHATIC  HYDROCARBONS 

Aliphatic  Hydrocarbons  are  composed  of  open  chains  of  carbon  atoms:  they  are 
further  classified  into  two  classes: 

(i)  Saturated  Hydrocarbons: 

Saturated  hydrocarbons  contain  only  single  bonds  between  the  carbon  atoms: 
it  means  the  valency  of  carbon  is  fully  utilized.  Alkanes  are  the  example  of 
saturated  hydrocarbons  e.g.  C1L .  C^H6 ,  C:,H£ .  etc. 

(ii)  Unsaturated  Hydrocarbons: 

Unsaturated  hydrocarbons  contain  one  or  more  double  or  triple  bonds.  It  means 
that  the  valency  of  carbon  is  not  fully  utilized. 

Those  which  contain  double  bond  are  called  alkenes  and  which  contain  triple 
bond  are  called  alkynes. 


The  common  examples  of  Alkenes  and  Alkynes  are: 

C:H<  <CK:=  CH2)  C;H-  (HC  CH) 

-thylene  Acetylene 

(Efhene)  i'Ethynej 


p  R'A-emrepy  t-  -  c  eiwre 
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(b)  ALICYCLIC  COMPOUNDS: 

.  Alic>clic  hydrocarbons  are  the  compound  in  which  carbon  atoms  are  arranged  in 
lings.  *■-*.* 

The  cycio  alkanes  have  two  fewer  hydrogen  aioms  than  alkanes.  Tbev  have  the 
General  tonnula  (CDH2r.).  e.g. 


CH, 


/ 

CH- 


CH,- 


CH, 


CH,- 


■ch2 

■CH. 


xcn2 

ch2  xch. 


CH, 


XCH^ 


CH2 


Cvclohexane 


Cvlopropane  Cyclobutane 

(c)  AROMATIC  COMPOUNDS: 

-Aromatic  hydrocarbons  contain  six  carbon  member  in  rings  with  alternate 
single  and  double  bond. 

from  benzene*0  hydr°Carbons  C0Dtain  Benzene  ring  and  the  compounds  those  derived 


A 

C6H6 

Benzene 


CH, 


c6  h5  -  ch3 

Toluene 


Aliphatic  Hydrocarbons 


Saturated  Hydrocarbons  - 


.Alkanes 


Unsarurated  Hydrocarbons 


Paraffins 


-  C~C- 


General  Formula  CnEbn-I 


.Alkenes 


Olefins 
>  C— C  < 

J 

CnH2D 


Alkvnes 


Acetylenes 


i 


CoHln-t 
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ALKANES,  ALKENES  AND  ALKYNES: 

1 .  Alkanes: 

.  •41bni'e5;if  sMurated  hydrocarbons  in  which  various  carbon  atoms  are  linked  by 
s  njt  covalent  bonds  to  adjacent  carbon  atoms  forming  chains. 

ra  .  AU^fba^  f°t™“a  (CnHrn-r)  which  show  that  all  the  valenices  of 

callbed  n^e!.ffi1}  flanSfiSd;TheilCe  aU;aDeS  unreactive-  For  this  reason  thev  are 
cajjed  paraffins  (from  the  Latin  Para  means  little  and  affins  means  attraction). 

2.  Alkenes: 


benvee^arbonMor"6'  hydr°Carb0nS  “  whlch  °ne  do“bla  b™d  *  P^ent 
Aiken^a  5^?“  ^  ^  alkanes. 

olefms?oflmSber  * iS  ethylene  °r  ethene’  ben“  'll*”®  «  as 


3.  Alkynes: 


,  „  AUcyneS  fre  unsaWrated  hydrocarbons  in  which  one  triple  bond  is  present 
between  two  carbon  atoms.  present 


AlK^^>,DeS  C0Dta“/0Ur  less  h>,dr°g“  atoms  than  the  corresponding  alkanes 
Alkynes  have  a  general  formula,  (CDH;0.2). 

acenlMeeselriesmSmber  °f  alky"“  is  acet>lene  or  “hyne.  hence  alkynes  are  known  as 


NAME  OF  FIRST  TEN  HYDROCARBONS: 

(ALKANES,  ALKENES  and  ALKYNES): 

of  the  m°ffrSI  ten  hy,f ocarbons  ar=  “  lhe  following  chart.  The  ending  for  all 
Ot  the  name  of  alkanes  is  ane,  alkenes  is  eneTmd  alkynes  is  yne. 

The  first  four  members  retain  their  original  names. 

Thus  one.  two,  three,  four,  five  becomes  meth,  eth.  prop,  but.  pent.  etc. 


No.  of 
carbon 

Molecular 
formula  of 
Alkane 

rw. 

Name  of 
Alkane 

Molecular 
formula  of 
Alkene 

Name  of 
Alkene 

Molecular 
formula  of 
Aikyne 

Name  of 
Aikyne 

Etb-  (2) 

C2H6 

methane 

ethane 

CtHi 

ethene 

C:H; 

Prop-  (3) 

CsHf 

propane 

CsHe 

oronene 

C-.Hd 

3m-  (4) 

.  C,Hto 

butane 

C,Ht 

butene 

Pen;-  (d) 

C5H;: 

pentane 

OH  0 

nentene 

Hex-  (6) 

CfiH  i4 

hexane 

C6H:: 

hexene 

Kepi-  C7? 

CrHie 

heptane 

C-H.4 

neotene 

C-H-- 

Oct-  i 8) 

CsHn 

octane 

octene 

Non-  (9) 

CsH2c 

nonane 

CsHi? 

nonene 

Ct-Hip 

Dec-  (id) 

CioH- 

decane 

C10H30 

de-cene 

CicHi* 

decvTie 

P  R  A  CTTCAXT  C  E'N  TRTK 
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CHEMISTRY  OF  METHANE  (CH4): 

INTRODUCTION: 

Methane  is  the  first  member  of  alkane  with  a  molecular  formula  CH,.  Methane  is 
aii  end  product  of  decay  of  plants  and  is  found  at  marshy  places  so  is  called  Marsh  Gas 

CIr  f. £  raaj°r  component  (94%)  of  natural  gas.  It  is  largely  found  in  Sui  at  Baluchistan 
in  Pakistan  and  known  as  Sui  gas. 

In  coal  mines,  mixture  of  methane  (CFE)  and  air  fonns  a  dangerous  fire  damp 

(German;  damp  =  vapours)  which  explodes  on  contact  with  flame.  Hence  it  is  also 
called  Fire-Damp. 

PREPARATION: 

In  laboratory  methane  is  prepared  by  the  following  two  methods: 

(i)  From  Sodium  acetate  (CH3-COONa). 

(h)  Bv  hydrolysis  of  aluminium  carbide  (AI4C5). 


s 


0)  FROM  SODIUM  ACETATE  (CHs-COONa) 

^iten  anhydrous  sodium  acetate  is  heated  with  soda  lime  (NaOH  +  CaO)  then 
methane  gas-is  formed. 

.CH5  -  COONaw)  +  NaOH(aq)  -{=->  CH^  -4  Na:  CO*,, 

(n)  BY  HYDROLYSIS  OF  ALUMINIUM  CARBIDE  (ALCj). 

When  aluminum  carbide  reacts  with  water  then  methane  gas  is  formed  and  large 
amount  ox  heat  is  produced. 


ALC-  4-  12H,0 
Aluminium  carbide 


hc3t 


-*3CH  -4Al(OH)3( 


Aluminium  hydroxide 


PHYSICAL  PROPERTIES: 

(1)  Methane  is  colourless,  tasteless  and  odourless  sas. 

(2)  .  It  is  lighter  than  air  and  bums  with  blue  flame. 

(3)  It  is  sparingly  soluble  in  water  (5ml  in  1 00ml). 

(4)  Methane  is  non  polar  so  it  is  dissolved  in  organic  solvents. 

CHEMICAL  PROPERTIES: 

Methane  does  not  react  with  aqueous  solution  of  acids,  alkali.  KMnO-  or  other 
oxidizing  agents  because  of  non-poiar  and  saturated  character. 

Y  me*ane’  a11  ^  four  valencies  of  carbon  are  fullv  (utilized)  satisfied.  It  is 

r,l  t-anC  Can  "Y  pVe  addition  reaction  but  it  forms  a  derivative  onlv  bv 
substitution  reaction.  Its  important  substitution  reaction  is  halogenation  '  ' 

(i)  HALOGENATION: 

subsriYri  ISaCtI0E.iB  WYCh  0ne  0r  mOTe  m0Tns  **  reP'ace^  by  other  atoms  is  known  as 
subsntunon  reacnon.  If  me  substitution  occurs  by  halogens  the  reaction  is  known  as 
naiogenation. 

Methane  may  be  chlorinated  or  brominated  by  treatment  with  Ch  or  Br-  in  the 
presence  oi  sun  light  (S.L)  or  ultra  violet  light  (U.V.L). 
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If  the  mixture  of  methane,  and  CL  -is  exposed  to  (S-L)  or  (U.V.L),  reaction  occurs 
with  the  progressive  replacement  of  the  hydrogen  atoms  by  (Cl)  atoms  and  the  mixture 
of  the  following  four  products  is  obtained.  r~  '  l 


CL  • 

CEL  4-  Cl. 


sx 


CVi  • 
si 


U.V.L 


2GT 

CH3-C1  +  HC1 

-Methyl  chloride  tCnJoro’merhajiej 


-aac  -  £=  ' 

■— J-  O  _  CD 

-<2  x:  H  —  JC 

rra  c:  ^  " 

0  nu 
=a  o 


ns 

w  r-u 
tc  40 


CH-.  4C14  C1,  - 
CH. -r-Cl.  -4  Cl2 
CH4C1.H  Cl, 


S.L 


->'.-  GH2  -CL  HOI ‘  , 

Methylene  chloride  J'Dich'ioromethane) 

CHCl.-  4-  HC1 


U  u  K  lOi 

re  tvjl 

ofc  <  re 
•  — 

ZL  T3  ~  *■“-  ~  CD 

S  d  -i  ar¬ 

ea  £■* 


^  ^  O 

-=2:  cr: - *- 

r=  cd  — 


Chloroform  (Trichloromethancl 


S.L- 


CC1.  -P  HCi 

Carbon  terra  chloride  'fTecaChloromethane)' 


10 


cc 


no 
0 

-  .X  at 

— C_  -  0  .Om 
1-KJ  Q.  -  - 

^  S- 

^  ca 


(n)  COMBUSTION  or  OXIDATION: 

Methane  on  complete  oxidation  or  combustion  gives  C02;  water  and  beat.  Due  to 
this  reason  CH4  is  an  important  industrial  and  domestic  fuel. 

CH4  -20, - >C0,+2H-0  :  AH=  -  890KJ/mol. 

USES  OF  METHANE: 

(1)  Methane  is  used' as  an  important  industrial  and  domestic  fuel. 

(2)  L  is  used  in  the  preparation  of  CH3OH,  CHCI5.  CCL  and  pure  carbon. 

(3)  It  is  also  used  10  produce  H-  for  the  production  of  fertilizers  and  ammonia. 

CHEMISTRY  OF  ETHENE  ^ETHYLENE)  CH2  =  CHz: 
INTRODUCTION: 

The  first  member  of  alkene  series  is  ethene.  It  is  also  called  ethylene.  It  is 
unsatur2ted  because  it  contains  one  double  bond  between  two  carbon  atoms 

H\  H 

"-bond 
C=C 
c-bond 

H 

It  is  produced  commercially  by  cracking  of  petroleum  so  it  is  also  called 
Petro-Chemical. 

PREPARATION: 

By  Dehydration  of  Ethyl  Alcohol: 

Ethene  is  prepared  by  dehydration  of  ethyl  alcohol  (ethanol).  Ethyl  alcohol  on 
aenydraiion  (removal  of  w-aier  molecule)  gives  ethene.  Dehydration  of  ethyl  alcohol  can 
cameo  out  m  the  presence  of  dehydrating  agents  such  as  H-SCL  or  ALO-.  at  hish 
temperature.  ~ 

l«t,C-.S©*C 


fi)  CH,  -CH:  -  OH  -  H„SO , 
(ii)  CH3  -CH-  -  OH  -  A1,0;. 

PHYSICAL  PROPERTIES: 


H_SC\ 

A..C. 


H-C=CH- -H-O 
CH-=CH--H.O 


(1)  Ethene  (Ethylene)  is  colourless  gas  having  pleasant  smell 

(2)  It  15  slightly  lighter  than. air  and  bums  with luminous  flame. 

{'O  It  1=  slight!}  soluble  in  water  bin  71  is  soluble  in  orsanic  solvents. 
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CHEMICAL  PROPERTIES: 

Ethene  gives  addition  reaction  due  to  the  presence  of  double  bond.  In  ethane 
snong  sigma  (0)  bonds  are  present  but  in  etbene  (tr)  electrons  are  present  which  holds’ 
caroon  more  loosely  and  seek  to  form  strong  sigma  bonds  with  other  atoms. 

Ethylene  gives  addition  reaction  due  topresence  of  one  (rt)  bond. 

(i)  ADDITION  REACTIONS: 

The  most  important  addition  reactions  of  etbene  are: 

(1)  Addition  of  Hydrogen  (H2)  (2)  Addition  of  Halogen  (X,) 

(3)  Addition  of  Halogen  acid  <HX) 

t .  HYDROGENATION  or  REDUCTION  [ADDITION  of  Hz]: 

formed5^06  ^  Pt  °r  Pd)  etbene  reacts  ‘  with  H2  then  ethane  is 

CH,=CH,-H.  -  -XL  >  CH3-CH3 


300cC 


Such  reactions  are  called  catalytic  reductions  or  hydrogenations. 

HALOGENATION  [ADDITION  of  X2  (CIz,  Bn  )]: 

^romoTthme"1111  molecule  (Bis)  »  from  ethylene  dibrDtnide  or  1,  2 


CH,=CH,+Br, 


->  Br  -  CH,  -  CH,  -  Br 


1.  2-dibromoethane  (Vicinal  dibromide) 

™SSoabr0mi“  S°1Uti0n  15  diSCbaiSed  Whi0h  me“S  elhe-  * 

HYDRO-HALOGENATION  [ADDITION  of  HX  (HQ,  HBr)]: 

Hthene  reacts  with  halogen  acid  which  gives  ethyl  halide. 

WTien  etbene  reacts  with  bydrobromic  acid  (HBr)  then  ethyl  bromide  is  formed. 
CH2  =  CH2  —  H  -  Br  - »  CH.  -CH.  -  Br 

COMBUSTION: 

Ethene  on  complete  combustion  gives  C02,  water  and  heat. 

CH^CH^SO,  - ►  2C02  -  2H20  -Heat 

(iii)  POLYMERIZATION  OR  FORMATION  OF  POLYETHENE: 

fb™redenCe  °f  2  SUiTab'£  -3talySt’  Cthene  (eth>rlene)  15  then  polyethe'ne  is 

n(CH-=CH-.)  — -  c"°-^p=r 


(if) 


(-CH.  -CH2-)n 
p  i  Polyetbene 

olyethene  or  polyethylene  is  also  known  as  Polythene. 

USES  OF  ETHENE  (ETHYLENE): 

0 )  It  is  used  for  ripening  the  Suits. 

(2)  It  is  used  for  manufacture  of  poiyethene  plastic. 

(3)  its  mixture  with  oxygen  is  used  as  an  excellent  aeneral  anesthesia 
14)  It  is  used  for  manufacture  of  alcohol  ethylene  glycol  and  ethyl  chloride. 


ViK  A  e  TJ  CAtr 
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C2H2+Ca(OH)2(aq) 

Ethvne 


.  IX-Chemistry,  Chapter#  17,  Page#  12 

CHEMISTRY  OF  ETHYNE  (ACETYLENE)  HC  -  CH: 
INTRODUCTION: 

The  first  member  of  alkyne  series  is  ethyne.  It  is  also  called  acetylene.  It  is  more 
unsaturated  than  etbene  because  it  contains  one  triple  bond  between  two^carbon  atoms. 

H-C=C-H 

It  is  found  in  natural  gas  and  petroleum. 

PREPARATION: 

By  Hydrolysis  of  Calcium  Carbide: 

Ethyne  is  prepared  by  the  action  of  water  on  calcium  carbide  (Ca  C2). 
CaC,+2(H-OH)  - 

PHYSICAL  PROPERTIES: 

(1>  Acetylene  is  colourless  gas  with  garlic  odour. 

(2)  It  is  slightly  soluble  in  water  but  it  is  soluble  in  organic  solvents. 

(3)  Liquid  acetylene  explodes  violently  by  shock  or  heat 

CHEMICAL  PROPERTIES: 

Ethyne  gives  addition  reaction  due  to  the  presence  of  triple  bond.  In  ethane, 
strong  sigma  (ct)  bonds  are  present  but  in  ethyne  (a)  electrons  are  present  which  holds 
carbon  more  loosely  and  seek  to  form  strong  sigma  bonds  with  other  atoms.  Acetylene 
gives  addition  reaction  due  to  presence  of  two  (a}  bonds. 

(i)  ADDITION  REACTIONS: 

The  most  important  addition  reactions  of  ethyne  are: 

(1)  Addition  of  Hydrogen  (H2)  (2)  Addition  of  Halogen  (X2) 

(3)  Addition  of  Halogen  acid  (HX) 

1 .  HYDROGENATION  or  REDUCTION  [ADDITION  of  H2]: 

In  presence  of  catalyst  (Ni,  Pt  or  Pd);  ethyne  reacts  with  H-  to  give  ethene  and 
then  ethane.  -  -  -  —  - 

Ni  '  .  __  ..  Ni 


HCs=CH  -  H- 


200°C 


CH;  =  CH— H 
Ethene 


12  300UC 


CH,  -  CH, 
Ethane 


2.  HALOGENATION  [ADDITION  of  X2  (Ck,  Bn)]: 

.  Ethyne  reacts  with  Br=  and  CL  to  give  acetylene  dibromide  or  dichloride  and  then 
acetylene  teirabromide  or  tetrachloride. 


HC  =  CH-  Br2 - Br-HC  =  CH-Br-  Br- 


B 

E 

tr 

1H-C 

—  C-H  i 

j 

i 

i 

Br  1 

Br 
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3.  HYDRO-HALOGENATION  [ADDITION  of  HX  (HCI,  HBr)]: 

ethylcntSro^d^  ^  m0leCUleS  °f  **  “d  fct  formS  bromtde  and  then 
HC^CH-H  -  Br— 


Br 


5“  S- 

-H2C ===  CH  -  Br  -r  H  -  Br 

V  invl  bromide 


h3c-ch; 

Ethylene  di 
bromide 


Br 


(ii)  COMBUSTION: 

Ethyne  on  complete  combustion  gives  CO,  water  and  heat. 

2(CH=  CH)  +  502  — - -  4CO,+  2H20  +  heat 

SduceTTWs1 “  TvSeDCe  °f  PUre  °Xygen  y*y  h«  flame  ^ 

ft ; ccAdf  *  DOUgh  hot  ^  a  ^mperature  of  3000°C  is  reached  So 

is  used  for  cutting  ana  welding  of  metals. 


(iil)  OXIDATION: 


(0  CH  =  CH  +  H-O  -r  3[Q] 


cold 


KMnO* 


hot 


2H-COOH  (formic  aci<p 

o  o 

il  1! 

HO  C  C  —  OH  (oxalic  acid) 


z 

o 

to 

CO 

LU 

CO 

B 

I  u 
VC 
h- 

2: 

U.I 

U' 

< 

O 

>— 

o 

< 

tc 

CL 

S 


(ii)  HC=  CH  -r  4  [O] 

USES  OF  ACETYLENE: 

(1)  It  is  used  in  welding  and  cutting  iron  and  steel. 

(2)  It  is  used  for  manufacture  of  plastic,  rubber.  P.V.C  pipes. 

(3)  It  is  also  used  to  prepare  acetaldehyde,  acetic  acid,  ethanol,  etc. 

NATURAL  SOURCES  OF  ORGANIC  COMPOUND 

C"i  «-* 

O)  ANIMAL  AND  PLANT  KINGDOM: 

carbohS*^  ^'«X5: 

(2)  COAL: 

small  of’^th^ments5  Tn^l  caibon>  but  »  contains 

anthracite.  WD  coal  theamdTIbselce  ^  h’=b 

distillation  into  three  main  products.  *  '  h  Jnaer§oes  destructive 


Coal  gas  or  oven  gas 


Coal 

~r 

Coke 


Coaltar 


pi  -  'dETN  ^ 
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(i)  v  Coa]  gas  or  oven  gas  mainly  contains  hydrogen,  methane  and  CO2  gas:  V1- 

(ii)  Coke  is"  pure  carbon  and  is  used  in  metallurgy  of  iron  and  steel  and  for  the 
manufacture  of  the  calcium  carbide.' 

(iii)  Coaltar  a  black  viscous  liquid  gives  aromatic  hydrocarbon. 

The  fractional  distillation  of  Coaltar  gives  so  many  hydrocarbons. 

e.g.  "  .  T  .  rx 

-  Coaltar  on  fractional .  distill aiion  upto  170°C  gives  light  oil  (Naptha)  which 
•  mainly  gives  benzene,  toluene,  xylenes,  etc.  Over  2T5  aromatic  hydrocarbons 
are  isolated  from  Coaltar.  7‘* 

(3)  "NATURAL  GAS: 

Namral  gas  is  found  wherever  oil  and  coal  (CH4J  along 
with  small  quantities  of  ethane,  propane,  butane  and  also 
contains  carbon  dioxide,  nitrogen  and  occasional!}'  helium  (He). 


0 


Namral  2 as  is  better  industrial  and  domestic  fuel  than  coal 


eas. 


Natural  gas  is  piped  from  gas  wells  for  use  as  fuel  in 
homes,  industries  and  into  thermal  electric  power  stations. 

Certain  components  such  as  propane  and  butane  may  ’be 
separated  from  the  gas  at  the  wells.  Bottled  in  tanks  under 
pressure  and  sold  as  bottled  gas  also  called  liquefied  petroleum 
gas  (LPG)  where  natural  gas  lines  are  not  available. 

In  Pakistan,  it  is  largely  found  at  Sui  in  Baluchistan, 
called  Sui-gas.  Also  Sindh  at  various  places  like,  Khaiipur,  Mari  (Mari  gas)  in  Badin.  It 
is  also  found  in  Punjab  at  Dhodak  and  Radho.  district _Dera  Ghazi  Khan. 

(4)  PETROLEUM 


The  most  abundant  and  important  of  all  natural  sources  of  organic  compounds  is 
petroleum  which  mean  (Petra  =  Rock-^-  Oleum  =  Oil)  i.e.  Rock  oil.  The  dark  viscous 
liquid  found  in  underground  deposits  in  various  parts  of  earth  at.  different  depths. 
Petroleum  is  extremely  complex  "mixture  of  gaseous,  liquid  and_  solid  hydrocarbons 
ranging  from  (Ci  -  Cag),  together  with 'the  varying  amounts. of  compounds  containing 
oxygen,  sulphur  and  nitrogen. 


In  petroleum,  there  are  two  Types  of  hydrocarbons  i.e.  paraffins  and  cyclo 
paraffins  (cyclohexane,  CJijs).  It  is  generally  believed  that  it  has  been  formed  by 
remains  of  plants  and  animals  which  lived  in  the  warm  inland  and  oceans  million  of 
years  ago.  The  chemical  effects  of  pressure,  temperature  and  bacteria  have  converted 
these  remains  into  petroleum. 

In  Pakistan,  the  important  Petroleum  reserves  are  in  Meval  in  Potbohar  areas  of 
Punjab  and  some  places  in  District  Badin,  Dadu  and  Hyderabad  in  Sindh. 
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FRACTIONAL  DISTILLATION  OF  PETROLEUM 
(REFINING  OF  PETROLEUM): 

In  this  process,  "the  petroleum,  or  crude  oil  is  heated  above  400“C  in  vanoim^ 

More  than  five  hundred  hydrocarbons  are  separated  from  petroleum. 

the  bo^tet^l01116  of  *e  Ration  column  and  the  heavier  at 

•- 

v™NSri'S”'  “  *'  ”P““'  »”*»  **  «=*’  tal,  oils  »d 

Petroleum  ;s  becoming  increasingly  important,  as  a  source  of  enerav  and  for  the 

sssaiir’ 01,6  °fthe 
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Boiling 

range 

Range  of 
carbon 
atoms  per 
molecule 

Name  of  the 
fractions 

Uses 

Below20°C 

C--C4 

e  $  >  a  u  1 JBJ 

fc  t?T«  1 

Fuels  for  homes  and  industries 
for  heating  and  cooking.  In  the 
manufacture  of  petrochemicals. 

pin 

C:-a 

Ct-C- 

Petroleum  Ether  (liquid). 
Light  naptha  (ligroin); 
liquids. 

Both  the  products  are  used  as 
organic  solvents  for  cleaning 
textile  fabrics. 

4Q°C-200°C 

C6-C10 

Gasoline  or  Petrol. 

Fuel  for  automobile  engines 

175°C-325°C 

C]]-Cu 

Kerosene. 

As  a  fuel  in  domestic  stoves,  jet 
engines,  as  a  solvent  for  grease 
and  paints. 

250°C-400°C 

Cx-C- 

Diesel  oil  or  Gas  oil. 

1  Above  400°C 

L 

CctrCbicber 

Lubricating  or  heavy  oils 
Non-volatile  liquid. 

For  lubrication  as  grease  in 
moving  parts  of  engines  and 
machines. 

i  Obtained  by 

1  vacuum 
j  dish llaiion  of 
j  the  remaining 
;  fractions. 

C2C-C40 

Paraffin  wax  i.e. 
nonvolatile  solids. 

Packing  material,  making  of 
candles,  water  proof  materials, 
i  polish.  Vaseline. 

i 

1 

j  Solid  residue 
!  left  behind 

Solid  carbon 

Bitumen  (pitch)  asphalt. 

For  surfacing  roads  and 

airfields,  roofing  material,  in 
protective  paint  and  pipe 
coatinas  etc. 

REFORMING  OF  PETROLEUM: 

Petrol  or  gasoline  is  a  mixture  of  hydrocarbons  generally  consisting  of  six  to  ten 
carbon  atoms  per  molecule.  It  is  a  volatile  liquid  which  is  a  common  fuel.  Gasoline  is 
reformed  to  prevent  fuel  knock  in  the  motor  engine.  Knocking  is  caused  by  the  rapid 
and  uneven  burning  of  straight  chain  hydrocarbons  and  generally  leads  to  loss  of  power 
or  damage  to  the  engine.  Reforming  is  a  process  similar  to  the  process  of  cracking  by 
which  octane-rating  i.e  octane  number  of  gasoline  can  be  increased. 

The  quality  of  petrol  is  measured  in  terms  of  its  octane-rating.  By  the  process  of 
reforming  the  straight  chain  hydrocarbons  are  converted  into  branched  chain 
hydrocarbons.  Knock  inhibitor  like  TEL  {Tetra  Ethyl  Lead}  [Pb  (CrHf'u]  is  also  added 
but  Lead  being  poisonous  produce  environmental  pollution.  So  petrol  is  heated  in  the 
presence  of  silicate  catalyst  to  convert  straight  chain  hydrocarbons  into  branched  chain 
hydrocarbons.  For  example,  when  n-octane  is  heated  in  the  presence  of  silicate  catalyst, 
it  is  convened  into  2,  2. 4-trimethyl  pentane,  thus  producing  the  higher  grade  gasoline. 

ch3  ch3 

CH3-(CH2)6-CH5- - -  CH3— c— CH  2— CH—  CH  3 

Oi3 

(n-octane)  2.  2,  4  trimethyl  pentane 
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EXERCISE 


IX-Chemistry,  Chapter#  17,  Page#  17 


Analytical  chemistry 


“vf,Ch™' WhiCh  deals  of  carbon,  is  called: 

V  y  mlStry  '  »>  Inorganic  chemistry  ' 

V (c)  Organic  chemistry  (d) 

The  first  synthetic  organic  compound  is: 

(a)  Methane 

Ao  £j 

Which  is  pure  carbon? 

(a)  Coaltar 

_  ,  C*>)  Coal  sas 

r(c)  Coke  /ji  X7  _  , 

(a)  None  of  these 


Ethane 
Acetic  acid 


D  ■  *  .  _  _ 

Residue  left  after  fractional  distillation  of  Coaltar: 


(a)  Coke 
V  (c)  Pitch 

Natural  gas  mainly  consists  of: 
T(a)  Methane 
(c)  Propane 


Cb) 

(A) 

(b) 

(d) 


Matte 

None  of  these 

Ethane 
Butane 
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p  .  _  xjuuuic 

HaSr  10'13  CaibODS-  boaa*  IoO°C-230°C: 

.  _  *  Cb)  Gasoline 

V(c)  Kerosene  (d)  Ligh,  ^ 

(aT  °Li2hfod°*eUm  C°ntaining  C:i " C"oarld  boiling  ^ge  is  above  400°C.  is: 

J  ugntoil  (h)  Heawoil 

>  (c)  Praffin  wax  /j-,  p- 

ru  +,  u  ,•  («)  Bitumen 

/(.I  *-— * « - -« >»—  «: 

M  T  •  ,  ..  •  Cb)  Kerosene 

(c)  Light  oil  /,!•»  „ 

*  -t-t, „  .  (o)  Heaw  oil 

(a)  P  CrlckSr  ^  1152  °CtaVe  ratmg  °rfbfte- be  increased  is  called: 

"iV/'A  .  ..  S  523L 

too  to  pottdfa,  on, 

S  KSK*"*  f 

.  Cd)  None  of  these 

'  )  '~nain  tsomensm  /hi 

fc)  Pncitin^  •  {D)  '^UDCnon  isomerism 

Position  isomensm  /Hi  wot„ 

‘if0  Refi“eai“  m°,eCU,eS  J?  Smpd‘£r  oncTcalled: 

Ac)  Cracking  JJ 

r-  ,  , .  Cd)  None  of  these 

•rsssr*  “  ■  “A;r  "fr  r~  - 

(c)  Halides'  ^  Hydrocarbons 

Se  kw“  “  oa7  more  “  *^!e  bond£  are  cal]ed: 

?RAC'nCAl7  CENTRE'" 
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IX-Chemlstry,  Chapter#  17,  Page#  18 


15. 

The  fust  member  of  alkene  series  is: 

-.r •"  : 1 

(a)  Methane 

(b) 

Ethane 

/(c)  Ethene 

(d) 

Ethyne  _  .. . 

16. 

The  hydrocarbons  in  which  carbon  atoms  are  arranged  in  rinss  are  called: 

(a)  Aliphatic 

(b) 

.Aromatic  '  * 

"/(c)  Alicyclic 

(d) 

None  of  these 

17. 

The  -quality  of  petrol  is  measured  by 

“ 

(a)  Cracking 

(b) 

Reforming 

■/(e)  Octane  number 

(d) 

Decane  number 

IS. 

General  formula  for  alkane  is: 

•/(a)  Cn  Hi„+2 

fl>) 

CnH2n 

(c)  Cn 

(d) 

Cn  Hjn-H 

19. 

The  -first  member  of  Alkyne  series  is: 

* 

(a)  Methane 

(b) 

Ethane 

(c)  Ethene 

Ad) 

Acetylene 

20. 

The  number  of  isomers  of  butane  is: 

(a)  1 

■/(b) 

2 

(c)  3  " 

(d) 

4 

21. 

.An  atom  or  group  of  atoms  present 

in  a  molecule  and  is  responsible  for  chemical 

behaviour  is  called: 

(a)  Alkyl  group 

(b) 

Alkenyl  group 

/(c)  Functional  group 

(d) 

Aryl  group,  ' 

22.- 

Iso-butane  possesses: 

. 

(a)  Position  isomerism 

(b) 

Functional  isomerism 

(c)  Metamerism 

Ad) 

Chain  isomerism 

23. 

Preparation  of  ethene  form  Ethyl  .Alcohol  is 

an  example: 

/(a)  Dehydration 

(b) 

Hydration 

(c)  Dehalogenation 

(d) 

Halogenation 

24. 

Tne  Hydrocarbons  which  possess  double  bond -in  their  molecules  are  called: 

(a)  Alkanes 

Ab) 

Alkenes 

(c)  Alkyne  s 

(d) 

Paraffins '  ,  . 

25. 

The  alkanes  are  also  called: 

(a)  Olefins 

(b) 

Alkynes 

/(c)  Paraffins 

(d) 

Acetylenes 

26. 

Which  is  the  functional  group  of  alcohols: 

(a)  -X 

(b) 

-COOH 

/(c)  -OH 

(d) 

>  C  =  0 

27. 

Which  of  the  following  molecules  is  alkane 

l 

(a)  CjH* 

(b) 

CjH,0 

/(c)  CsHu 

(d) 

C?H 

28. 

Methane  is  also  known  is: 

(a)  Oil  gas 

(b) 

Kerosene 

(c)  Gasoline 

Ad) 

Marsh  gas  ■ 
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PhtMiMPMG&^UiO^s? 

’•  Shop  #  6,  BS4/1,  As  if  Centre, 
•„f.B.‘Area,  3lock*1.  Neac  Usman 
^  Memorial  Hospital,  Karachi 
0315-8290302.-'  0321-2622759 


PREMIES  PBMGSJ'HBTflSTAJ- 

.  Shop  #  S,  SS4h.  Asif  Centre,-  - 
F-B-  Area,  Block-1,  Near  Usman 
Memorial  Hospital,  Karachi 
0315-8290802  /  0321*2622759 


PSHita  pfiitroMW-wwTesttt 

Shop  Z  6.  BS4/1 ,  Asif  Centre, 
F.B.  Area,  Block-1,  Near  Usman 
Memorial  Hospital,  Karachi 
0315-6290802  /_032V2622769 


P&Me  Pgift!i|(Ke-g  pflOfS  STAT 

Shop  #e?  BS4/1,  Asif  Centre 
»  Hres;  a,°ck-1,  Near  Usman 

0^T?DAnpn?Spjfa!'  Kara^hi 
^15-8290802  .  0321-2622759 


3REMiER  PRiMTlNG  &  PHOTOSTAT 

Shop  n  6,  BS4/1.  Asif  Centre. 
F.5.  Area,  Block-1,  Near  Usman 
Memorial  Hospital,  Karach. 
031 5*5290302  '  0321-252275?. 
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_  .v,-sS=-f  '  cue  dVeHiagiC 

-or  cbei^rajgginpounds  are^dSeed  is  caHed-efenical  industry^  .  •-"- 

-  ~ cTf®^other.  d_ai3ia2se^Eoroducts.aT-e^<^nc:  h ^ 


:  polishes 


offjodT^savat^C- -^v.  ^  " 

SOD^  INDUSTRIES:  UU  '^i'":'U 


.  r'CCt^-" 


™e  tem  ^odi-iiidimries''relaJ^-w;ie  prcwucB'mijuictured  ,&bm  sodium 
compoun^n.e;-cmustic_.sqld£. [sodium  hydride1  br  NaOHj,  soda' asli  [sniyart'us 
^dium  carb6nate.or5vafC63l,  baldns  sOdia  fsodium  hir'>r^Xnat^  /-«■  VourKri ’  L-  _ 


PREPARATION  of  SODIUM  HYDROXIDE  (NaOH)  fCausdc  Soda] 

. Sodium  hydroxide  (NaOH>  is  on  .“the  n.i.ost  iinporjant-chemi.  brjf .mdustnal 
use.  Ii  is  commonly  called  caustic. soda,  because -it;  is  corrosive  to  touch"  arid  causes 
harmful  bums’  ;••  *: 


(i)  FROM  NELSON  S  CELL: 
Construction:  . 

Nelson  s  ceLWconsists  of.,  ca 
U-shaped  perforated  stefeT 'vessel, 
which  acts  .  as  "cathode.  The 
graphite  anode  is  dipped  in  the  salt 
solution  m  the  middle  of  L -shaped 
'vessel-.  The  U-shaped  tank  is  .  . 
separated  from  abode  .by'  asbestos¬ 
lining -^or  diaphragm^  .^Through  the  _  . 
asbestos  hibng,  -the  'salt  solution-' 
slow'ly  fld'vvs..  The  U^tubfe'is  'known  _  - 
as  anode  compartment  'and-  this"’  ’ 
T-iyuhc  pif.  fixed  .in-pair  '  outer  _  - 
-cpnipaitfhenUr - ’’ known  -ca s’*-  _  - 

cathode  compartment.  T  ;•«.*:  ^  ’ '  “ 


C~.cas 


KAnooe 


ij  m  ii  l _ a 


=-es-  NaC: 


A.SDSS05  i-n-i= 


-.cjecuE  Na2  S3  jtior. 


KdPH  ':  ?-1 
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IX-Chemistry,  Chapter#  18,  Page  #4 


£  VSP15-  passi.ng^echic  current  through  the  salt^aCl)  solinioa.  Chlorine  gas  (C/2)  is 

ses  Hio  the  dome  a  tie  top  of  the  aiiqd^  and  fheS  colllcted 

gas.-'^l'SCthe  fb'ii^pij^^5bdii^]iL^rdS'3e--;^"a.0^^id^fioh.^h^la 'k-'  collected  at  the. 

...  : -"  •  v^>*  •••  •»•* 


?olldwip.g-r^ctidns  takhplace  mthee^lf''’  ” 

lonizatioffreactlori:^^  “1’ 
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'Msf-  .'SC- 

Reacdon  at  anode:  - 

...  ■  2C/"( 


Reaction  at  cathode: 


(aq) 


2Na ^aa)>  2C/7aqf.,; 

C/2{e)  -h-  2e“ 


2Na7aq-,  -  2e 

V-* 

2Na<S).  -f-  2K2Om  - 


2Na(s)  -  •- 

2NaOH(aq)  *+■  H2(g) 


(i!)  FROM  CASTNER-KELLNER'S  CELL: 

Construction:  '  '  -  2-  ‘  .  *  ' 

This  ceil  is  consisted  of  two  compartments  as  shown  in  the  figure.  The  upper 
compartment  has  mercury  at  the  bottom  of  the  cell  which  acts  as  cathode.  Brine 
(Saturated  solution  of  NaCf)  Is  poured  .in  this  cell.  Anodes  are  titanium  plates  dipped  in 
the  onne.  There  is  also  a  lower  compartment  known  as  Soda  cell  or  denuder  which  is 
p z eked  v. fth  u»  tip  hire  hi o  c ks . 

Working: 

Or.  passing  electric  current  chlorine  gas  is  released  at  anodes  and  is  collected 
outsiae  the  anodes.  Na~  ions  are  discharged  at  cathode  and  form  sodium  amalgam 
( a  mbnrcre  of  Sodium  metal  with  Mercury V 

Foruration  reaction: 

2NaC/|c,  2NV,„r  2 C/-aq, 

Reaction  at  anode: 


Reaction  at  cathode: 

2Ka~-sq)  ■?-  2e‘ 


2  N" 


I - cT  03 _ CD 

CO  -  £  J=  jf 

eu>  c  «*  ° 
l -  a  3  £ 

==>  o  v_  5  5 

33  ra  y-  cn 
=U_  ~  G>  * 

=«  <  nr  <N 
T  *3  o 
^  Ur  T  — 

S«8^s 

s®s-g 

^7  «=“=s 

nz  7  £  £  °? 

o  <  3  ^ 


2Ka(Si  -T-  2Hg(i) 


a(sj 

T  5 


-re  to 


a 


>  2 As  Hg  (sodium  amalgam) 


Sodium  amalgam  is  then  sent  to  soda  cell  where  it  reacts  with  water  to  produce 
NaOH  solution  and  H2  gas  while  free  mercury  is  recycled  and  then  sent  back  to  the 
upper  cell. 

- >  2NaOH(g»  ~  2Hi(g)  -b  2Hgn; 


'Na/Hgrti  -  2H2Om 
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Titanium  anodes 


Chlorine  (Cb) 


-  -  "  CELL- 


Socfium  -- 
chloride — ► 
solution ->• 


Mercury  j  - 


Used-;  '  •  " 
—►sodium  chloride 
solution  Ux.n. 


Mercury]  -cathode  ^  Amalgam 


Graphfte_ 

blocks 


Hydrogen  (Hi) 


Sodium 

■•“hydroxide 

solution 

Denuder 


Mercury 

pump 


Mercury 

(Hg) 


PHYSICAL  PROPERTIES  of  SODIUM  HYDROXIDE  (NaOH): 

(i)  It  is  white  crystalline  and  hygroscopic  solid. 

(ii)  It  melts  at  31 8°C  to  a  clear  liquid  and  decomposes  at  322°C. 

Ciii)  Its  density  is  2.1 3 £.  cm5. 

0V)  It  is  mghly  soluble  in  water  and  liberate  larse  amount  of  heat. 


CHEMICAL  PROPERTIES  (REACTIONS)? 
(1)  Reaction  with  Acids: 


It  reacts  with  acids  like  sulphuric  acid  (K^SO.O.  hydrochloric  acid 
nitric  acid  (HNOr)  to  form  corresponding  salts  of  sodium. 


(HCl'i  and 


2-saOH  .  -  H.SC 


..  —  Hl  1 


NaOH.  -  HNO. 


-Na;$0_  -2H.0 

Sodium  sulo-zts 

-H.O 

Sodium  chlo-ide 

Sodium  nitrate 


(ii)  Reaction  with  Metals: 


Sodium  hydroxide  reacts  with  certain  metals  like  zinc.  tin.  aluminum 
hydrogen  gas  is  liberated  with  the  formation  of  salt. 

2NaOH(K.-Zn(t - ^ - -Na.ZnO.^  +  H.,r 

Sodium  zlncsTs 


etc.  then 


2NaOH  -A 1  -2H.O. 


->2NaAiO;iK  -  SH;  f 

Sodiur-  slumlnst* 
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(iti)  Reaction  with Ammonium  Ghi bride: 


~ H  lX-CBern istry ,  C h  aptengpSV  Pa g e  #.6 . 

ride:-  ~ 


Xfv)  Reaction  with  Ca rbo n  Dioxide: 


( y ) '  Reacdoir-with  Chi orine.gas:: 


-2NaOH  -  -  — :Cl 

v-/z  i«))  ■  Siastesft 


;•  . ->.NaOCL -r ~ H,Q-y.V  -'I 

.  .Sodium  chio*ate‘tl)  --.eL.—  '-  .  __  ^  ’  \  . 

_y-:  -~6NaQH  -4-  3CL-  :l^~ -  » NaClO.eKS^aC  1  - 3H-Qrt^ 

:  „ .  •  Sodium  chlorate  (v)  -  's.- 


Uses  of  Sodium  Hydroxide: 


_r._-L.V  *•' 


CXijr  It  is  usedia purification  ©jf©auxite. 

(liY  ■  It  is  used  in  -manufacture  of  artificial  silk. 

(ill)  Iris  used  in  textile  and  paper  industries.  ‘  '**„ '  • ' '  '  -•*.>' 

(iv)  It  is  used  in  fine  manufacture  of  soar  and  petroleum  industry."'  " 

: v )  k  is  used  in  Vi  etching  anc  dyeing  process  as^veifas  for  mercerizing  the 

-•©non  cloth.  . 


j  INDUSTRIAL  PREPARATION  OF  WASHING  SODA  (NaaCOs)- 

1 OH2O  •  -  •  '  -  '  - 


•a  ashing  soda  is  commercialiy  .prepared  by  Ammon  ia-Soivey.jDrocess  or  ammonia 
soda  rrocess.  -  \ 


RAW  MATERIALS: 


Fhe  rsv.  materials  are:  • 

I.  lurt  svntr  •  CaCO- •  :  -  2. .Sodium  Chloride  -lx aCT 

-.:r.mc"iu--  Ch.crtde  4.  Career,  dioxide  ■.  CCm 

The  industrial  process  im  ones  the  following  steps: 

STEP  !r  ~  '  ’  - 

Lime  stone  (CaCO.-)  is  heated  to  yield  calcium  oxide  (quicklime  CaC)  and.. the 


CO-  zas. 


-  -  CaCO-,,, 


CaOls',  '  ,COc(e)  C  -■  - 


STEP  2:  ■ 

The  ammonia  OvH;.  1  is  used  asy.rav  materiaLm-this  step,  is  recovered  by  reacting 

dNiLCl^/-  CaOte  ■■■■•  -ETCHygr^  CaCin^-^HcOto 


PR  A  Cl  jc:.\ L  C BN TRE 


r’f- 1 


-14,  BLOCK-1.  GULSR.4N-E4QBAL  KARACHI. 5497653.0O4S12547-349S4762 


288 
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_N  -1  'Tv>  TAJ 

-  •  to 

-  £ :  a 

x--l-  I  iL 


f  c 
rv 


Susstrsiar.  sf  w*-f 
Fiirstipn  . 


lutiorp-of  ammonra'^'and  -  tftV  ammonium- \  > 

—  •  Nffl'jfco3,;a^  ^ ’  | 

■  *  z- 

ps^th’'3queous  cold's  dint  3  on  of  sodium  = 
spdiufn  bicgr^nate^NaHCQ^, ; which  is  3 
DrecipTt-^es^oiit:'"'"  v’“"  :  ”  ,  ...  -t"  '  ' 

’ ! 

*-  ’  ,  r-'v  ..  ~  M 

-  -  ■  o 

ls^'idds'-sodimri" carbonate' YNa-»CO^).- -  •••' 
^03(s)_'\jH2-0f/|  —  CO-jig)  '  : 

■  I  '  ■  rr. 

■  ~  [ 

5)  isrlcopwn  as  soda-2sh  ana  sodium  j  » 

?ihorJy  known .as  washing  soda.  *  J  3  | 
-^•KapCO,.  IOKzO  ...  igj 


_n  is  a-wnne  crystalline-solid.--:,-. 
ji  -is  little  sweet  in  taste  ' 
lls  density  is  2.1  £  cm- 

It  is  sparingly  soluble  in: water  at 
temperature:.  '•£.  £ 


Sodium  Carbonate 
K&zCOs 

It  is  a  white  ainorohons  soli 


is  D:r:er  ir_  taste 


_ _  its  aensity  is  2.  :s  cm'' 

fropmj  I:  .Is  fairly  soluble  "in  wax 
~  ‘  temperature  with  evolution 
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...  ....  V-;-  .  IX-Chemistry,  Chapter# 1  8, Page  •#  8 

USES  OF  SODIUM  B [CARBONATE  or  BAKING  SODA  (NaHCOs):?  ^ 

Sodium.  Hydrogen  carbonate  (sodium  bicarbonate)  is  used  as  baking  powder.  Y'  ‘ 

2.  It  is  used  inthe preparation  of  effervescent  drinks  agcf fruit  salts. ..  .  ’ 

3.  It  is  used  in  medicines  lo  remove  acidity  in  stomach  as  anti-acid  (antacid).  . 

4.  It  is  used  in  fire  extinguishers.  '  -  * 

USES  OF  SODIUM  CARBONATE  (NazCCh): 

1*  It  is  used  as  cleaning  agent  in  soap  and  detergent. 

2.  It  is  used  to  make  ordinary  glass  which  is  used  to  make  bottles. 

3.  It  is  used  in  manufacturing  of  papers,  cement  and  paints. 

4.  Hard  water  is  changed  into  soft  water  by  adding  sodium  carbonate  (Na^COs) 
which  forms  insoluble  Calcium  Carbonate  (CaCOO  and  Magnesium  Carbonate 
(MgCCb). 

CaChfcc..  -  .  Na^COs, aq)  - -  CaC05<s)  +  2NaCl(aq, 

MgClztsz.  -  Na^COs, aq)  - MgCOs,s,  -  2NaCI^, 

CHEMICAL  PROPERTIES  of  SODIUM  BICARBONATE  (NaHCOs) 

(!)  Action  of  heat  (Decomposition): 

Socium  bicarbonate  loses  carbon  dioxide  and  water  to  give  sodium  carbonate  on 
heating. 


2N2.HCO. 


-r  Na.CO.  -  H.O  .  -r-  CO. 


(if)  Reactions  with  acids: 

Sodium  bicarbonate  reacts  with  acids  such  as  hydrochloric  acid  to  form  its  salt 
f  sodium,  chloride)  with  the  liberation  of  carbon  dioxide  gas. 

NaHCO..,,  •+■  HC1(#S) - »NaCl(aq.  -r  H.Oil( 


CHEMICAL  PROPERTIES  of  SODIUM  CARBONATE  (NaaCOr) 
(!)  Reactions  with  Acids: 


Ka.CG;.fi  -  H2SGrffaq)- 


-Na.SO.,^,  -f  H.O.,,  4-  CO.( 


(ii)  Reaction  with  Less  Electropositive  Metals  salt: 

It  forms  carbonates  of  non-alkali  metal  salts  such  as  magnesium  chloride  (MgCb) 
and  zinc  subhate  (ZnSCLi. 


Na.CO.  -r  MsCL 


Na.CO-  —  ZnSO. 


►MgCO.  ,  -  2NaCl 


-tZnCO. 


with  Carbon  Dioxide: 


IX- Chemistry,  Chapter  #  TB,  Page  #  9  ' 


Aqueous  sodium  carbonate  reacts  with  carbon  dioxide'  to  mve  sodium 
bicarbonate: 


Na,CO^+H:b0,+'C02tci 


>2NaHCOr 


<iv)  Fusion  with  Sand: 

~;A  •  Sodium  carbonate  reacts  with  sand  (silicon  dioxide,  Si02)  at  very  hi  ah 
temperature  umill  they  melt  then  Sodium  Silicate  (Na2SiC)4  Le.  water  °las<% 
formed.  .  ■  '  _ .  *  -  ' '  ® 

•  •  =-  '  Ni.COJK)+SiO..,„ — tzs— J-Na-Sia^-i-CO,,., 

HYDRATED  SODIUM  CARBONATE.  NasCOj.  1  OH26  (Washing 
Soda): 

PREPARATION: 


ijj  ^  hen  calculated  amount  or  water  is  added  ir.  soda  ash.  (Ks-’CO- 

crystallizes  into  decabydrated  sodium  carbonate  (Na:CO;. .  j  0H2O ). 


1  then  1: 


Na.CO,  -MOH.O- 


•eNa.CO,.]  OH.O 


.  Sodium  carbonate  decahydrate  (Ne:CO,.  ]  0H;O>  is  commonly  known  as  washina 
os  vxrnch  is  used  for  washing  purposes. 


£  SOAPS: 


1  j  Raw  Material; 

5  (1)  me  Natural  source  of  the  above  fatty  acids  u  cither  *,  egeiable  oils  such  as 

2  coconut  oil,  palm  oil  or  animal  fats  such  as  beef  tallow. 

1  (U)  ^nV-aIkah  msIai  (sodium  and  potassium)  sources  are  sodium  monoxide 

2  NaOrl)  and  potassium  hydroxide  <K.QH>. 

l\  PREPARATION  OF  SOAP  (SAPONIFICATION): 


*  I  ?“t:  :ai-:  v  !  tj'istei'iii j  res  ts  with  sodium -hydroxide  men  s.u: 

i-j  ^aratej  is  tonned  along  with  glycerol  (glycerin).  Now  aqueous  solution  6 
=  i  ““^',y5uw  ^Cdcc  in  mis  mixture  where  Glycerol  (Gheerird  is  dissolved  ir 


cCiuiion.  GN’cerol  (Glycerin)  is  heavier  titan  soap  so  it  settled  down  an 
Inc  D0‘i0rn  01  l°e  container.  This  process  is  known  as  salting  out  the 

___  ' ne  Chemical  process  for  the  preparation  of  soap  is  called  Ss 

‘“v  i;  represented  by  the  following  equation. 

VH:  °2  CC  j  -  H35  CNN  OH 

?  j  — 


i.  soaijm 
ion  of  sodium 
ed  in  me  salt 
id  drained  off 


ncanon. 


CHO-,  CCi7  H55-  SNaOH 
CH-i  O-  CC-  H-  - 


CHOH  -  3 C  3  -  H3 5  CO :Na 

/~—y  —  ^  sodi  JTT  S”£c^ST£| 

Cn-un 


-B-14.  BLOCK- 


TICAL  CENTR 


PRACTICAL  CENTRE  1*3  SESSION  2016-2017  f;i  PRACTICAL  CENTRE 


UJ 

-  re 


LU 

|d 

h- 

O 

< 

rr- 

c_ 

a 


o 

M3 

V) 

UJ 

•or 

E 

UJ 

K 


UJ 

u 

—I 

< 

g 

u 

< 

or 

TL 


on 

cr 


tr. 


< 
I  K 


t  .i 


:  ^rGhemistry,  Chapter#  18,  Page  £ 

TYPES  OF  SOAPS  AND  THEIR  COMPOSITIONS  ^  -  ^ 


Ifl 


re** 


(1)  T oD  et  SSaps : 


.-c>>  * 


^  T^et-soa^aK  prepared  by  (talioavV.a^S^  to  20% 

°iL  AiuxnaL  faf  consists"  jof  acid  is. 

_  -found  in  vesetable  nils;  The.  mlnnr  added ''~rn  these 


^  .  _-Laii^y  soaps are -prepared  by  usmg&mnal  fats  whjdSs  further  Beared  witS" resin 
*“  sad ' sbda.  Inuring. isoHdrScarioiL  so dium-' riHcate,  ■u’asbiog.':soda*and  sodium 
~ added^4nCTeasc'the,pleaBsii^"^jdj^  ofnhV^qap:-- This  uypfc*  of  soap 
C~-  is  used  for- washing  clothes.,.- r  *  ‘  y-’v--1---' :  •  '  "  '  -n  '*  . ...  •• 


or 


B4: 


Oh)  Kltcfien  Soaps: 


^--TVv1 


(rv)  Shavfng  Soaps: 


S--S  soaps  212  prepared  by  using  good  quality  animal  iats.  or  edible  oil  with 
potassium  hydroxide  -(caustic  potash)  and  excess! ye am ouDt  of  stearic  acid  'which 
enis.  drying  the  soap.  This  soap  Is  used  for  shavins  purposes.  - 

FUNCTION  OF  SOAPS: 

Soaps  remove  din  and  stains  Dirt  panicles  ?'on  skin  or  clcchVbecome  surrounded 
o^iaver  or  on  or  tax.  V»  ater  molecules  are  unable  to  disperse  these  greasy  or  oily  stains 
so*,  abie  to  separate  and  dissolve  oily  or  greasy  stains  because  the  carboxvlaie 
party  by  •crocan-or.  chain  :f  soap)  car.  dissolve  the  oily  layer.  The  process  is  shewn  in  the 


a 


!e  Soar  lb;  Cress  section  z’.  sc.ec 


©  © 


roiar  -head'- 


1  1 


Na* 


Soap  molecule  (a)  A  sodium  soap  molecule 
(b)  Non  polar  -(hydrophobic)  hydrocarbon 
chains  are  clustered  in  the  interior  part  and 
polar  (hydrophilic) -car boxylate  groups  are 
on  the  surface.  Soap  micelles  repel  each 
ether  because  or  their  negative  surface 
charges.  .:-•** 


rr, 

i  _ 


DETERGENTS: 

Detergents  are  soapless  cleansing  agents.  They  are  tlie  salts  of  sodium  with 
organic  smpheme  acids  having  general  formula  R  -  SOiNa  or  R  -  O  -  SOrNa. 

COMPOSITION  OF  DETERGENTS:  L 

.  ne  detergents  consist  of  two  pans:  a  hydrocarbon  and  a  sulphonate  (-SO:)  or  a  1  ^ 

sulphate  (-OSO:  j group;  These  molecules -are  made  usable  by  converting  them  into 
water  soluble  sodium  salts.  "  •  _  _  -  -  " 
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.V-"'  *  :  ±l:-'  ’  :  .  IX-Chemistry,  Chapter  *'l8.  Page#  11 

n  'exarnPle"'  these'  .compounds  'is.  sodfum" iaund _  sulphate. 

iP4°S03Na:,a  sodium  sail  _of:  a  ;long  chain .  hydrocarbon-  attached'^td  'a! sulphate^ 

^.s  composition  are-usuaDVused  for.-washlns  a 

_  I^e-detergents  closely  related  to  soaps  and'tised  forhousehold launo^v  beldns  to 
the smpnonates  such  as  sodium  -pnipdecyT  benzene  suiphoriate.  The  structure  of  such 
,  ™Plccule; contains  a  benzene  ring  bem^een  julphoriate  and  alky]  group: ---'.c 

q  :  :  • 

^ffie_5eiCTgents  of  tins  type  are -used  for  washing  various  kinds  "df'ihothes  -<! 

FUNCTION  OF  DETERGENTS:  :  f 

%'  J'i’P&t'pf  detergent  Ss sime  as  soaps.  They  offer  an  advantlgTover  soaps'SV " 
^.chomng  well  in  hard  water,  [water -containing  calcium'fCa-),  ferrous  (F>)  ferric  . 
^  )  and-magnesturnYMr-y-ious].  There  is  a  krge' variety  of  deferents  which  are' 
as -\vashmg  powders  and  washing- liquids.  .  *'  '  *" 

PLASTICS:  .  -  ;  ' 

Ha?cs  <®e  of  the  types  of  polymers.  The  compounds  built  up  of  a  large 

Pohm^orcur^  m°yules  'lhal  Ilave  reacled  wi*  °d*  another  are  called  poivmers. 

“  n2tfe  as  _rlr  «  synthesized.  Plastics  belong  to  the  svntbetic 

vLri^s'npS  “  mgr  tS  01  *eSe  C0JS*°un*  are  organic  substances  of 

SOURCES: 

gas.  coS'S^:318^ f0r nlakinS plaStiCS  are: -^chemicals,  cotton,  wood. 

APPLICATIONS: 

.  ?iastic:s  fc2Ve  8  lar8*  number  of  applications  because  of  their  toughness  w*ter 
■  esi stance,  corrosion  resistance,  ease  of  fabrication  and  remarkable  colour  r'ar  ge  ' 

CLASSIFICATION: 

(a)  Thermoplastic  (b)  Thermosetting  plastics 

(a)  THERMOPLASTIC: 

plas°f  wh‘ch  can  be  shaped  again  and  aSain  is  called 
- lOyiasu*.  -i  is  retained  ov  aodittor.  polymerisation. 

i  C  j  d0.e  S°fi  °n  heSfTS  and  h£rd  03  -  :'oH"S-  The  repetition  of  the  process 

!  I  !  van^  shates.  ?'0PenieS  “  ^  of  Plasli«-  ~3ey  can  easily  be  molded  into 

e.g.  Cellulose  nitrate,  cellulose  acetate,  vinyl  chloride  polymers  are  the  examples  of  this  class 

(b)  THERMOSETTING  PLASTICS: 

i  -v.^f.'S>,fetic  P5asdc  v-hich  ’can't  be'  shaped  again  and  a<tein  ‘i«  -ailed 
-icuiiiOictiing  plastic.  w  -  - 

_  Kmd  0f?Iasdes  =®  on]>' he£ted  once  before  thev  set  on  cooling  The  p-ocess 

“  repeated  in this  case  as they-  do -nor  soften  on  reheating, 

Phenol  and  formaldehyde  give  bakelite:  epoxy  resins  faraidite  and  adhesive)  are 
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STRUCTURE  ANLD  IIS ES  OF  SOME  GOMMON  Pi^TIGS: 

(a)  Polythene  (Polyethylene):  (— CHz— CHz— )n  *  -  V  7.-V"  - 

:  „  -  ■' -It  'is -  an  'addition  polymer  of  ethene  (ethylene)..  (CH2  =CH2)_moist  commonly 
used  .in  the  preparation  of  polythene  bags  "for  'carrying-. fruits,,  vegetables  -and' 
plastic  bottles  for  drink  and  juices, ,'etc^  _  .  '  .. 

(b)  Polyvinyl  chloride  (PVC):  (—.CH2—  CH)n~  _  . 

It  is  an  addition  polymer  of  vinyl  chloride  (CH2  =  CHC1)  used  in  the 
manufacture  of  electrical  cable  coverings,  suit  cases,  gramophone,  etc. 


Bakelite  (Phenol-formaldehyde  polymer) 


It  is  a  condensation  polymer  of  formaldehyde  (HCHO)  and  phenol\lCn  J 

It  is  used  in  the  manufacture  of  switches,  electric  board  sheets,  cameras,  radio. 

telephone  components. 

(d)  Epoxy  resin: 

ch3  oh 

r  0-<l>~C-<£>-0CH  2-CH-CH'2)n 
CH3 

It  is  a  condensation  polymer  of  biphenoi  A  and  epichlorohydrin. 

CH-  p, 

( HO  -<£>~C-<£>-OH)  { CHyCHCK  2C1) 

CH3 

A  well  known  adhesive  araldite  is  an  example  of  this  plastic  material. 

PAINTS: 

* 

Paints  are  fluids  containing  a  colouring  material  (pigments)  dispersed  in  organic 
liquid.  Tney  apply  onto  a  surface  of  walls,  windows,  doors,  wooden  and  iron  furniture, 
etc.  On  exposure  to  the  air  till  dryness  it  changes  to  hard  adherent  protective  and 
decorative  layer.  Paints  may  either  be  oil  based  or  water  based. 

COMPOSITION  OF  OIL  PAINTS  OR  ENAMELS: 

The  oil  based  paint  is  composed  of  following  main  components: 

Linseed  oil,  colour  pigments,  a  thinner.  2  resin  and  a  drier. 

The  linseed  oil  serves  as  a  protective  layer  on  the  painted  surface.  Pigments 
provide  colours. ‘A  thinner  is  Turpentine  or  other  volatile  liquid.  The  resins  act  as 
binders.  A  drier  accelerates  drying  or  hardening  of  linseed  oil.  Fillers  such  as  china  clay 
and  barium  sulphate  (BaSOTj  are  added  to  the  pigments  to  increase  the  durability  of 
paints. 

These  Types  of  paints  are  usually  called  oil  paints  or  synthetic  enamels  and  are 
applied  over  wooden  or  iron  surface. 


-CENTRE 
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|>/f  .■'.  '■:  IX-Chemistry,  Chapter#  18,  Page  #13 

COMPOSITION  OF  WATER  PAINTS  OR  DISTEMPER: 

Water  based pamts  are  available  in  the  form  of  emulsion.  Such  paints  usually  consist 

of  an  emulsion  of  hydrocarbons,  butadiene  ana  styrene,  polymers  polyvinvj  acetate  or 
.  acrylic  resins  m  -■*  -  ■  »  i-  .  -y. .  •. 

figments  used;  as  colouring  -material  are  usuallv.  titanium  dioxide  (TiO-O 
zinc  sulphate  •  (ZnSO*)  and  barium  sulphate  (BaSCk)  for  white/carbon  black  (C)  for  black 
colour,  chrome  yellow'  (PbCrO^)  for  yellow  colour;  oxides  of  iron.  Fe20-  For  red  and  FeO 
for  brown;  chromium  oxide  (Cr2Os)  for  green  .etc.. "  ...  O-  .  ;  . 

tPG;S.  of  pamts  ^re  usually  called  distemper  and'  are  applied  over  walls 

especially  me'  interior  ones:--  ’  --y 

VARNISH: 

,,  „  ya;i'-i5h  “  2  c1ear  solution  and  consists  of  resins,  volatfle-otianic  solvent  and  driers 
metallic  surfaces5  “  3  pr°teCtive  md  lucrative  coating  for  various  wooden  or 

APPLICATION: 

flint,  3w  ved  0n  2  surSce>  varnish  dries  tea  rough  adherent  film  bv  the  drvin®  oil 

(linseed  0,1)  which  undergoes  evaporation,  oxidation  and  polymerization.  ' 

litrh.  %ap1,shK  ^  Without  pigments  therefore  these  are  less  resistant  to  damage,  bv 

sSace  coated  mms^m  Slm  *****  b>  '’amishes  accentuates  the  texture  of  the 

resin.  Ff  comp°n““  of  varnishes  are  mostly  comprised  of  synthetic  alky!  and  urethane 

?t3  ***»*'  ,es?  ««  of  application  and  beau" 

nmh,'.  •  ru  b>'  **  reacnon  of  polyhydric  alcohols  and  polvbasic  ac-'d's 

L  rethane  resms  are  ethyl  carbonate  molecules  '  * 

POLISHES: 

I  arTicl£S  5Uch  25  shoes-  «« . 

'  *  !  shoe  for  ^  shoes  are  described  such  as  black 

COMPOSmON  OF  BLACK  SHOES  POLISH: 

(potassium  carbon^.'bees^VK.  of  Bismarck  brown,  pearl  ash 

nvaroxide  and  soap.  x?  iUr?ci3rme  oik  mgrosine  oik  sociu— 

FUNCTIONS  OF  THE  COMPowcurr  ^ _ 


■  <  i 
2 1 


i  < 


-am=  desired  thictelS*5^  0iI  is  added  *  ^  stirring  *  continued  til]  it 

A  powdered  animal  charcoal  is  added  to  «r-t  hl-ri-  - 
Bismarck  brown  and  pearl  ash  f„ ota^r-  -2  ^urpom. 

_-kUour  DQush.  vr'  “  Donate;  is  added  to  2s:  brown 
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INKS: 


IXf Chemistry,  Chapter #-1srPage#  14 


iCFf7l.-.  Inks-  ar£  rdEej)Jy  colourec|^1iqui9s  of  variops^ompositiori-fvn^ed  '"for  \\y5nng  of- 


printing 'purposes^  I 


<1  durable. 


§  TYPES  Q^FlNKSx 

tr.;  C-“V1  '  -  •  r*~  -  iA-> ■ 

.  n_  _  t^t-YLL  J'££ 


rai  hi 


fi'.Cf' 

|<#v" 
■'1~  -  •  Jr  • 

m  ■.  * 

.2?  d-f 


„  -f<  V  ' 


•§1  !)  Black  ink:  -  -  ^  c‘ 

•Sr.:  N^-  vV~-  it'ls  a  pdxSff6'of-  GalliC'.-ad(i;'(obtamed -from  die  :-oak  plant).CfSmic  acid.  Gb2bv' 

z  nrabicf  Ferrous  sulpfiafel  Hvdjocbdoric"acid-:aiid  Ptifinor'diue.-  ‘  --cy- 

2  T~c.  v T t>" '  C-.*-'"''  &.> 

&  ii)  Blue  ink  (Royal  bine):  T “  v 

05  --.-.y-l  It  4s  -i  mixture  vof-  Carboxv- methyl  celiulose; ..'Metfiyl  violet.  -.Ethvlene  glycoV'f 
Pnenol  sues  Acetone.  T-  _  .  -T  -  . 

|  Iff)  Red  ink:  ->  *  y  —  ^  ..  ::  '?w  v-  -  ' 

-  Ii  is  prepared  normally  rom  Brazil  wood  or  by  dissolving  carmine  m  aqueous  . 
5  ■  ‘  ammonium  hydroxide.  The  eosin  is  also  used’  as  a  consdtiient  Gfjed’mk. 

§  iv)  Marking  ink:  s 

k  •  *•-  -  •  '  -  v  ‘ 

*■  It  consists  of  silver  nitrate  solution  coloured  and  thickened  with  sum  or  dyes. 

E  t.  •V** ■ 

,  v)  Printing  inks:  y  '  y-  * 

j  ^  '  These  are, made  by  a  pigment  into  a  suitable  varnish  medium  with  dners  are 

e  appropriate  accessories.  For  priming  of  good  quality  2  polymerized  linseed  'Oil  is 

2  seneraliv  used  together  with  resin  oil  and  various  oisroents.  The  pigment  Is 

55  usual! v  ojcund  finelv  in  2  mixture  cl  mineral  0::  arc  resins. 

S  '  ‘  •  • 

j  K  vr)  Type  writing  inks: 

^  _  These  are  prepared  b>  employing  dyes  in  conjunction  with  the  other  materials 

{-  w’hich  include' certain  proportion  df  glycerol.  . ...  - 

2  '  v.  *  „ 

o-  vii)  Stamp  pad  ink:  ~  : 

S  lx  is  prepared  with  aniline  aye.  glycerin,  rug.  soybean  oil.  water  and  alcohol.  - 

i  PREPARATION  OF  BLACK  INK: 

i  ~  •  ■  Term  acsG  <  7 c g !  and  gadic  acta  ■  -  bQ  are  a:ss ci  'c-a  m  irocnr  or  war rr  water  _u 

~  another  container  ferrous  sulphate  i'iOOg)  arong  wur  gum  ara die  i,60g)  is  Gissorreo  in 

g  600cm-  of  distilled  water.  Mix  the  two  solutions  by  adding  75rnl  of  dilute  hydrochloric 

S  add  ( 1  Sg).  phenol  blue  (15g)  and  water  is  added  to  produce  3dm2  solution.  The  contents 

*  to  be  kept  aside  for  a  week  and  then  filtered.  -  -r  ■  .  •  ■ 

1  PREPARATION  OF  BLUE  INK: 

<0  'First  of  all.  the'earboxy  thethyi*  ceUiilose  is  dissolved  in  minimum'- quantity-  of. 

3  distilled  water  In  another  pot.  methyl  violet  (5g)  is  dissolved,  in  200cm'  warm  distfli.ee 
iij  water”  and  the  solution  is  filtered.  _Liiis  -solution  is  mixed  with  toe .  carboxy  methyl 

cellulose  solution  and  rhe  remaining  ingredients  he.  Ethylene  glycol  (hOcm-).  _acetohe 
g  (]  0cm2”)  aid  phenol  (Ig)  are  added1.  The  solution  to  be  stirred :  well  and  kept  for  If)’-  days. 

*  Afterwards  it  filtered  to  get  the- royal. blue  ink  ready  for  use^  '  - 

1  f  RTsxnnrc  a  £7-  r  ib7 
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cy?  /  '•c  ^si , 

f*2  I  3  o'* 
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-S%  § 

ffi  ^ 

2  J  v  -iir 


g  are 'the 'causes 
^  **• 


SPOItAGE: 


.„r,  lstrV  .cha  pie r-^£ia^Page  #15 


CiCv  c*£  ’  _  fc  r 

??v 

•Vv?J^^TS^  iumidily-^?  “P'enoiaf  moisrSrV"cGntents  to  nemm 

-t\OS ^ZzWrowb.of.jnoulds  and  bacteria.  •  ^  ._ ,-  ±.°bPei™ 

r  W  T^i»%&giSiKMierobes> -actJvidw*  -  c^>  ^  r 

s* _ 22W&¥d  dairy  products  are  specificaJhcSDoiled  hv  mi^a^  " 


d^fs 


;  i  ■  r—  .y-,  •■>■•—  _  ,  r“  j. — ;  .  -  ^.w  r_  - 

.estab^s^Sl^z^s L-are^spoiible.. for  foil  ' 
-^ssmilariy milk cK&ses  mto^curd^- ^  ,  -  C&  ’  ^toppiniiaste 

food  -PRESERVAT jON-METHobS:  -  :  .'  — ^  - 

^-.cbhe  mts'r  widely 

Ca)  Removal  of  moisture:..; :  "'  :  ' 

Thi?-nie*iod  of  preservation  of  food -relates' with  removal  of  water  o-  drvino 

-  S 

,(b>  Addition  of  saft  and  sugar;  “- 

msj&t&od  of  presery ai5 ah '  of  food.relate  with  addma  su<raf  and  salt  rfm-m- 

-••>'  •Shelf:ilf':' fh£  5Ug2r  £na  ■*  *°*  the  Ser  S 

•'■*r*C£  cue  grQxvih  o:  microorganisms!  .  -  ' 

-  The  water  binding  Agents  are  know  ties  HUMECT  A  \T<T 

‘•'w  Temperature  control; 

pres,ers  :of  f0Dd  re;aies  '-Vltb  *«  freezes  o:  foods  becau~ 
MY  D'  ^  s  alsc  rstards  r^e  grov,*b  ef microorssnisms. 

W)  Preservation  by  Storage:  ' 

Man}  types  of  fresh  foods  such  as  fruits!  Vegetable =  mea^^ci-  ^  „,v_n 
-^JSayec  to  pe  stored  for  Innc  r^-,  bv  fen'o^ing  *hen 

1 - — <i)_CAHNING  [  ...  fit)  [RRADIATtON  j 


j  The  preservation  of  food  bv 

;  se5.1,nT  i:  into  air  right  ecnrair.e-i  is 
.  ~£iiec  cannins. 

i:-^r  - ,  ;iii:j  raethoc  is  widely  used  for 
I  f;°a  PJpserv2tion.  The  containers  may 
'  " .  rr;ei-‘  '“vr‘ich  _as  often  plastic-lined 
I  a> ammurn  or- special  strength  glass, 
i  ^  rood  is  packed  -into  the  : 

i  sealed  and  the  vrhole  Dacka^e  J 

115  lk_®?  :  treated  with  heat :  in  a  stein  ! 
I  .pressure  used,  ro  cook  the  food  and  ■ 

sten-ize  -both  .the-  container  and  ‘  th°  : 
cdnxsnts.  .  j 


,  i;;e  process  of  passing  the  radiation 
'  1  through  any  substance  is  called 
rrrcci'iion. 

j  --  ii3e  ramatipn  is  compiised  of 
,  alpha  faj.  nets  i6)  and  gamma  (y)  rave. 

|  Radiation  can  be  used  to  preserve 
j  rood  such  as  meat,  potatoes  and  onions, 
j  £IC-.  vvithout  causing  undesirable  protein - 
j  ■d^^auimiing  or  appreciabh*  alien  no  the 
\  taste.  .  •-  ’•  -  '  f 

i  ;-c  ,7*lJT-9^SS'J~Zye±  nc  ^id-ual , 

i  rauioactivity  m  tne  food.  iDere  is  a  little 


the  j  joss  of  vitamins  in  -all  foods  _  by  -  the 
]  recommended  doses  than  that  seen  with 
_  canning,  tree  zing  or  dm-ind. 
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L  Fill  in  the  blanks: 


IX-Chemistry.  Chapter#  18,  Page  #  16 


EXERCISE 


(1)  '  Sodium  hydroxide  causes  harmful  bums’  to  the  skin;  therefore  it  -is  -  commonly 

called  Causrfc  soda.  -  •  :  ’  •  '  '  .  -  '  .  ;  - 

(2)  Sodium  hydroxide  gives  sodium  and  hydroxide  ions  when  dissolved  in  water. 

(iii)  •-  When  sodium  hydroxide  is  treated  with  sulphuric  add  it  forms  sodium  sulphate  salt 

(iv)  The  reactions  of  sodium  hydroxide,  with  certain  metals  result  in  liberation  of 

-  .  i  hydrogen /gash  ■'  ",  -  ...  •  . .  . 

(v)  .  The  molecular  formula  for  baking  soda  is  A aHCOs.  - 

(vi)  Sodium  carbonate,  washing  soda  and  baking  soda  are  generally  prepared  by 
Ammonia  Solvay  process. 

(vii)  .  The  chemical  process  for  the  preparation  of  soap  is  called  saponification. . 

(viil)  The  detergents  are  usually  consists  of  two  parts,  hydrocarbons  and  sulphonate  or 
sulphate. 

fix)  Compounds  made  up  of  large  number  of  smaller  molecules  are  called  polymers. 

(x)  Tne  plastics  belong  to  thermosetting  plastics  class  can  only  be  heated  once 
before  they  set  on  cooling. 

(xi)  P.V.C  is  the  abbreviation  (Shon  form)  for  poly  vinvl  chloride. 
fxii)  Paints  are  fluids  containing  pigments  dispersed  in  organic  liquid. 

(xiiij  Linseed  oil.  pigments,  resin  etc  are  main  components  of  oil  paints, 
f xivj  A  thinner  ‘is  turpentine  or  other  organic  liquid. 

(xv)  Water  based  paints  are  available  in  the  form  of  emulsion. 

yvsi)  >  'arnishes  are  used  without  pigments  to  furnish  the  transparent  film  on  the 
surface  coated. 

(xvii)  Marking  ink  consists  of  silver  nitrate  solution  thickened  with  gum  or  of  dyes. 

(xviiiiThe  removal  of  moisture  controls  the  growth  of  moulds  and  bacteria  which 
renders  the  food  to  snoil.  • 


xix  t  :  re  water  nine  mg  agent- 
humeczams. 


usee  ir.  tne  orese.  ^  atiOD  c-i  toon  are  .-riC 


(xx) v  Tne  preservation  of  food  by  sealing  into  tight  containers  is  called  canning. 

(xxi)  Baking  soda  is  used  in  the  preparation  of  effervescent  drinks  and  fruit  salts. 

(xxii)  Sodium  carbonate  when  fused  with  sand  it  forms  sodium  silicate  (glass). 

(xxiiil  Washing  soda  is  used  for  softening  hard  water. 

(xxi v)  The  colour  of  black  shoe  polish  is  due  to  animal  charcoal. 

(xxv)  Turpentine  oil  besides  keeping  the  shoes  soft  prevent  than  from  drying  and 
helps  in  is  absorption  in  the  leather. 
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;  iyy  '  '  IX-Chemistry,  Chapter  #_18,  Page#  17 

Tick  the  correct  answers:  -  :V  f'yvf  -V  wf V’,  i  Vy  .... 

-Sodium  hydroxide  is  prepared  at  large  scale  by  the  following  methods. 

->  •  h((a),  Electrolytes  process'  (b)  Saponification  method 

rf  (0  Hydrolysis  -  Vf' 

(2)  Sodium  hydroxide  ar318GC:  .  . :  b  -  ;  ■'  .  - 

f  T  (a)  Melts  with  decomposition  (b) 

y/(c)  Melts  to  a.  clear  liquid  -  (d) 

(3)  ~  Carbon  dioxide  and  sodiuni  hydroxide  react  to  five.' 

Sodium  carbonate  and  water  (b)  Sodium  carbonate  onlv  • 

:Ji'~  <c>  ‘  Sodi'um  metal  and  water (d) .  Sodium  and  carbon  -monoxide 

sodium  hydroxide  reacts  with  ammonium  chloride  it  Liberates  nas. 

(a)  Carbon  dioxide  (b)  Hvdrosen  • 


Does  not  melt 
Converts  to  gas 


(4) 


Is 

|i 

!  O 


!  W 

f  < 


(5) 


(6) 


V) 


<8 


(9)  Tt 


(10) 


^(c)  Hydrocarbon  and  a  sulphonate  (d)  Sulphonaie  onlv 
ine  material  wnich  softens  on  heating  and  hardnes  on  cooling  come  under  the  class: 
(a)  Thermosetting  plastic  Vfb)  Thermoplastic 

(c)  Formica  ,  fd).  Bakelite 

j.ne  class  of  plastic  that  can  only  be  heated  once  before  they  set  or.  cooling  is: 

(b)  Cellulose  nitrate 


ui 

<  c ) 


i  nermoplastic 
Cellulose  acetate 


xi'd’i 


2 

Ltl 

O 

< 
i  o 


s 

\n  -- 


l  nermo  setting  Dlcsric 

,  7  '  •  ^  .. _  •_  .  _  c  * 

•i-C-  -:er  "'n;cr‘  *-■  u5ec  *n  the  manufacture  of  bags  for  shopping  purpose  is. 
(aj  Poly  vinyj  chloride  C  V(b)  Poly  ethylene  -  '”5*!=  ■ 

,  „  fc)  Epoxv  resin  (d)  Araldite 

-)  Cameras,  radios,  telephone  sets,  etc  are  pretexted  form: 

W  Polvethene  (b)  ‘  Poly  vinyl  chloride 

•"(ci  intofe  fd)  Cellulose  nitrate 

.  - )  The  pigments  used  to  produce  white  colour  are: 

Jfa)  Oxides  of  iron  (b)  Chromium  oxide 

Zinc  sulphate  (d)  Ferric  oxide 

'*4)  Varnishes  are  used: 

^a)  Vv'ith  Di  aments  (b'! 

A  (c)  With  out  pigments  ,d> 


-w 

TT  CO 

hC  ^ 
rr  ^ 


C/2  ^  ^ 

^  ^  cc 

«  r-2S 
*  2  C  s 


V  ithoui  driers 
VC  thou:  resins 


o  ZT: 

[7  c  ^ 
r  nr  w  . 

L~. 


^  H  A  CG--TTfe%jL-  -  G  E-NTR-E 
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(C) 

Oxygen 

V(d) 

Ammonia 

Sodium  hydrogen  carbonate  used 

in  medicine  which  of  the  effects  it  causes  in 

the 

stomach? 

(a) 

Increase  the  basicity 

(b) 

Increase  the  aciditv’ 

(c) 

Neutralize  the  acidity? 

(d) 

Decrease  the  basicity 

me  product  /  products  obtained  by  reac* 

.ion  of  sodium  carbonate  with  carbon 

Q! oxide  m  aqueous  medium  is  i  are: 

(a) 

Sodium  hydroxide 

V(b) 

Sodium  hydrogen  carbonate 

(c) 

Sodium  carbonate  and  water 

(d) 

Sodium  oxide 

Carbonate  and  bicarbonate  of  sodium  are  manufactured  by: 

U) 

Contact  method 

V(b) 

Ammonia  Solvay  process 

(c) 

Ostwald's  process 

(d) 

Haber's  method 

Det 

ergents  are  cleansing  agents  prepared  form: 

v  a 

V  ater  soluble  sodium  salts 

(b) 

Hydrocarbons  onlv 
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(15)  -  Which  of  Sfe  followingTonstimeBts  of  -shoe  polish'  is'  iised  ito  provide  shming  to  , : :  ' 

- ;.v  ,-<i the  shoes?  (- -  .  -  _^--c;n  -  r  ''v?  "  % ' 

fff  -V(  a)  ,.-r  Bees  wax  A.  - - .  (b)  -  So’dium  hydroxide ' .  -  7  -  W. 

•■•c  ''(cT: -'Pearlash^  ",  v  :  rr  —  .  -V(d)  Soap'/.- ^  w^'?" -K 

(16)  The cdoihioii  ingredients  used  in  black and  brown  , shoe  polishes  isr ::a  -p'D' 

.-.■pri.  N(a)f  Nigroszne  oil  .  (b)  Pearl  ash  -c'r  ‘  .  -  • 

"  (c};'3 "Animal  Charcoal \  ^  -  -  '  . ch(d)i. :  none  of di_eiii  '■ 

'(17)  ~  A  tnixtorA- of  infiision  of  .gall  nuis  w3th,ferrous:''sulp'ha\e_  and'eertam  proporaonl.  •; 
of  hydrochloric  acidiprodiices:  -CV*  " '  vA- 

_  Marking  ink  ‘  (d)  Blue  mte  • 

?-{T8)t.  Red  inkis  normally  prepared  from:  •  -.-rpC?^”  .  _--eG 

(a)  '"  Oak  plant  ’  1  1  '  '.(h)'  Linseed  oil.’  _  .  ~  ' 

(c)  -  Silver  nitrate  \  ^(d)  '  "  Brazil  wood  "  - 

.  (19)  -  Addition  of  salts  and  sugar:  -  p  -•  .  - 

(a)  'Decreases  the  shelf  life  of  food  V  (b)  Preserve  the  food 

--  -  (C)  Spoil  the  food  (d)  Help  to  grow  micro-organisms 

(20).  The  -radiation  paned  through  food  to, preserve  it  is  comprised  of:  _ 

1  (a)  orays  only  (b)  •  y-rays  - 

.  (c)  a  and  pl-rays  only  N(d)  a,  and  y-rays 

Answer  the  following  questions:  -  '  ; 

Cl)  (a)  Give  the  industrial  preparation  of  sodium  hydroxide. 

(b)  Give  the  reaction  of  KaOH  with.- 

(i)  HC1  (ii)  •  AJ  (iii)  CO:  (iv)  KTLC;'  (v)  Cl: 

(c)  Describe  the  uses  of  NaOH.  n  ! 

(2)  (a)  Describe  Ammonia  Solvay  process  for  the  manufacmre  of  sodium  E 

hvdrogen  carbonate.  •  2 

(b)  5fp^c;:°cXrECt,or—  Kmwmmimmw  1 

,1)  N.^l  ■  Ca(OH).  -  Shop  s;  6,  BS4/1,  Asif  Centre.--  S 

.  (ii)  NaHCOsesi  *  :mSS  *  F-a.  Area,  3lock-1.  Near  Usman  ^ 

ilv-  \--CO-  -  rC>-  -  H-O  - *  Memorial  Hospital,  Karachi  ,  ? 

iin,  ---  0215-5290802  0321-2622753  3 

(iv>  KaOH  “CO:  - *  !  ^ 

.  .  o  -  i  tTi 

i.3;  (a!  »h  nat  qo  you  mean  Cy  saponin  cation/  I 

(b)  vfnat  are  different  roes  of  soap?  And  what  is.  the  function  of  soap.?  ’  p 

(4)  (a)  What  do  you  understand  by  a  detergent?  Give  the  composition  of  detergent  j  | 

•  and  its  function.  ’  '  *  g 

(b)  Differentiate  between  thermoplastic  and  thermosetting  plastic.  « 

. ..  Describe  the  sirucmres  of  some  of  the  plastics.  5- 

(c)  Describe  composition  and  application  of  varnishes.  .  .tt\ 

(5)  (a)’  Differentiate  betw-een  oil  paints  anc  water  paints.  ^ 

■(b)  What  are  polishes?  Give  m  deiaiis  . about  the  composition  and  preparaucns  j  ^ 

'  "  of  different  types  of  polishes..  .  j  5 

(c)  .Write  notes  on  food  preservation.  j 

;  m 
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